
-~-

• 

~HILLIPS PETROLEUM COMPANY 331bo-E.P' .,; 
.1an. 26, l.S93 · 

j .,. 

5 

- 1 

PREPARING CATALYST FOR OLEFIN POLYME~IZATION 

This invention relates to chromium catalysts 
or. cocatalysts to trimerize, oligomerize and/or 
polymerize olefins. This invention also relates to a 
proces~ to·trimerize, oligomerize and/or polymerize 
olefins. 

Supported chromium: oxide catalysts have been 
a dominant factor in the production of olefin polymers, 
such as polyethylene or copolymers of ethylene and 
hexane. These catalysts can be used in a variety of 

10 polymerization processes. However, most known chromium 

compounds must be supported to be catalytically active. 
Furthermore, most s~pported chromium compounds are· 
useful only for olefin polymerization. If an olefin 
copolymer is desired, the polymerization process 

15 becomes more complex in that two different monomers 
must be fed to the polymerization· reactor. 

20 

25 

Olefin trimerization and oliqomerization 

catalysts are also known in the art, but usually lack 
selectivity to a desired product and also have a low 
product yield. However, olefin trimerization and/or 
oliqomerization, if done efficiently, is a process to 
provide useful olefins. These'olefinic products can be 

further trimerized, oligomerized and/or, optionally, 
~ncorporated into a polymerization process. 

In EP-A-416 304 there is described a chromium­

containing compound having the formula: 
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Cr5(C4H4N)10 (C4~0) 4: [Cr(C4H4N) 4] [Na]z"2 (OC4~) : 

[Cr(C4H4N)5(0C4~)] [Na]z"4(0C4~): or 

Cr (NC4H4) 3Cl ( OzC}J.4 ( ~) z) 3Na. 
In accordance with an aspect of the above 

5 application, such novel chromium~containing compounds 

are prepared from a reaction mixture comprisinq a 

chromium salt, a metal amide, and aDy electron pair 

donor solvent, such as,. for example," an ether. The 

catalyst systems can be used, either supported or 

10·· unsupported, to trimerize and/or polymerize olefins. 

The chromium salt can be one or more orqanic 

or inorganic chromium salts, wherein the chromium 

oxidation state is from o to 6. As used in this 

disclosure, chromium metal is included in this 

15 definition of a chromium salt. Generally, the ¢hromium 

salt will have a formula of crx.i, wherein X can be the 

same or different and can be any organic or inorganic 

radical, and n is an integer from 1 to 6. Exemplary 
/ 

organic radicals can have from about 1 to about 20 

2P carbon atoms per radical, and are selected from the 

group consisting of alkyl, alkoxy, ester, ketone, 

and/or amido radicals. The organic radicals can be 

straight-chained or branched, cyclic or acyclic, 

aroma~ic or aliphatic, and can be m~de of mixed 

25 aliph~tic, aromatic, and/or cycloaliphatic groups. 

Exemp~ary inorqanic radicals include,_ but are not 

limi~ed to halides, sulfates, and/or oxides. 

Preferably, the chromium salt is· a halide, 

such as, for example chromous fluoride, .chromic 

30 fluoride, chromous chloride, chromic chloride, chromous 

bromide, chromic bromide, chromous iodide, chromic 

iodide, and mixtures thereof. Most preferably, the 

chromium salt is a chloride, such as, for example 

chromous chloride and/or chromic.chloride, due to· 

35 simple separation of the reaction by-products such as, 

for example, sodium chloride, as well as relatively low 

cost. 
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The metal amide can be any metal amide that 
will react with a chromium salt to form a.chromium­
amido compl~x. Broadly, the metal.amide can be any 
heteroleptic or homoleptic metal complex or ~alt, 

5 wherein the amide radical can be •any nitrogen-
" . containing organic radical. The metal amide can be 

either affirmatively added to the r~action, or 
generated in-situ. Generally, the metal amide will 
have from about 1 to about 20 carbon atoms. 

10 Exemplary preferred metal amides include, but 
are not limited to, lithium dimethylamide, lithium 
diethylamide, lithium diisopropylamide, lithium 
dicyclohexylamide, sodium bis(trimethylsilyl)amide, 
sodium indolide, alkali metal and alkaline earth metal 

15 pyrrolides, and mixtures of two or more thereof. Most 
preferred are the above metal pyrrolides such as lith­
ium pyrrolide, sodium pyrrolide, potassium pyrrolide, 
and cesium pyrrolide, because of high reactivity and 
activity with the other reactants. Examples of substi-

20 tuted pyrrolides include, but are not limited to sodium 
2,5-dimethyl pyrrolide and/or 3,4-dimethyl pyrrolide. 
When the metal amide is a pyrrolide ligand, ~e 
resultant chromium compound is a chromium pyrrolide. 

In accordance with a first aspect of the 
25 ·present invention pyrrole itself (hydroqen pyrrolide) 

or a substitute.d pyrrole is recognized as a suitable 
pyrrolide. Pyrrole is a preferred hydroqen pyrrolide. 
Substituted.pyrroles are illust~ated below. 

The ether in the react.ion mixture can ,be one 
30 or more ether compounds to effe(::t a reaction between 

the chromium salt and the metaf amide. While not 
wishing to be bound by theory, it is believed that the 
ether can be a reaction solvent,~ .as well as a possible 
reactant. The ether can be ani 'aliphatic and/or 

35 aromatic compound containing an R-O-R functionality, 
wherein the R ·groups can be the same or different, but 
preferably is not hydroqen. Preferred ~thers are 

... ~:.;.-. _,. 
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aliphatic ethers, for safety reasons in that aromatic 

ethers are human toxins. Furthermore, the preferred 

ethers are those which facilitate a reaction between a 

chromium halide and a Group IA or Group IIA metal 

5 pyrrolide, and also can pe easily, removed from the 

reaction mixture. Exemplary compounds include, but are 

not limited to, tetrahydrofuran, dioxane, diethylether, 

dimethoxyethane (glyme)·, diglyme, tr"iglyme, and 

mixtures of two or more thereof. Most preferably, the 

10 ether is selected from the group consisting of 

-tetrahydrofuran, derivatives of .:tetrahydrofuran, 

dimethoxyethane, derivatives of dimethoxyethane, and 

mixtures thereof, for the reasons given above, as well 

as the reason that the preferred salt of an amine is 

15 soluble in these ethers. 
The three reactants can be combined in any 

manner under conditions suitable to form a solution 

comprising one or more of the inventive chromium 

compounds. The reaction preferably occurs in the 

20 absence of oxygen and moisture and therefore under an 

inert atmosphere, such as, for example nitrogen and/or 

argon. The reaction pressure can be any pressure 

sufficient to maintain the reactants in a liquid state. 

Generally, pressure within the range of from about 

25 atmospheric pressure to about three atmospheres are 

acceptable. For ease of operation atmospheric pressure 

is generally employed. 
The precipitated inventive chromium compounds 

can be recovered by any method known in the art. The 

30 simplest procedure to remove the precipitated chromium 

compounds is by filtration. 
In acqordance with a second aspect of the 

present invention, the metal pyrrolides useful as 

catalysts or cocatalysts can also be prepared from 

35 salts of metals other than chromium. Exemplary· metals 

include nickel, cobalt, iron, molybdenum, and copper. 

As with the chromium. salt, the metal oxidation state of 
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the metal can be any oxidation state, including the 
elemental, or metallic, state. These novel metal 
pyrrolides CCUl be prepared in a manner similar to the 
previously described chromium pyrrolides. 

5 · , The chromium or other metal compounds .. prepared by.the above process can· be used, either as a 
supported and/or unsupported catalyst system, for 
olefin ~imerization, oliqomerization and/or 
polymerization. A supported chromium catalyst system 

10 can be prepared with any support useful to support a 
_chromium catalyst. Exemplary catalyst supports 
include, :but are not limited to, zeolites, inorqanic 
oxides, either alone or in combination, phosphated 
inol'.9anic oxides, and :mixtures thereof. Particularly 

15 pref erred are supports selected from the qroup 
consistinq of silica, silica-alumina, alumina, 
fluorided alumina, silated alumina, thoria, 
aluminophosphate, aluminum phosphate, phosphated 
silica, phosphated alumina, silica-titania, 

20 ..-coprecipitated silica/titania, fluorided/silated 
alumina, and mixtures, thereof, beinq presently 
pref erred, as well as any one or more of these supports 
which can contain chromium. The presently most 
preferred catalyst support, because of the qreatest 

25 trimerization activity, is aluminophosphate, as 
~isclosed in U.S. Patent 4,364,855 (1982). 

The amount of chromium pyrrolide compound per 
qram of support can be expressed in different, yet 
equivalent terms, such as, for example, moles of 

30 chromium per qram of support. Usually, less than about 
8. 6 x io·3 moles of chromium per qram of support is 
sufficient. Preferably, about 1. 7 x io-6 to about 1. 7 x 
10·5 to 8. 6 x io·4 moles of chromium ·per qram of support 
are used, for reasons given above. 

35 After the support is added and thorouqhly 
combined .with the chromium pyrrolide, it can be 
collected by filtration, vacuum dried, then an 

.··,. '·. 
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activatinq cqmpound, usually as a solution of one or 
more Lewis acids and/or metal alkyls, preferably in 
hydrocarbon compound solvent, is· added to the 
support/chromium pyrrolide mixture. An active, 

5 supported catalyst system then ca;n be collected by 
. ~ 

filtration. As used in this disclosure, a Lewis acid 
is defined as any compound that is in electron 
acceptor. Preferably, the acti,v~tinq compound is a 
compound that can be considered both a Lewis acid and a~ 

10 metal alkyl. · As more broadly described in the present -
application, the activatinq compound can have any 
number of cai;bon atoms. However, due to commercial -
availability and ease of use, the activatinq compound 
will usuallycoJ;nprise less than about 70 carbon atoms 

15 per metal alkyl molecule and preferably less than about 
20 carbon atQms·per molecule. p~eferred activating 
compounds which are both a metal.alkyl and a Lewis acid 
include, butare not limited to, alkylaluminum 
compounds, a~Jtyiboron compounds, alkylmaqnesium, 

20 alkylzinc, and/or alkyllithium compounds. Exemplary 
metal alkyls. include, but are not limited to, n­
butyllithium·, · s-butyllithium, t-butyllithium, 
diethylmagn~sium, dibutylmagnesi\Ull, diethylzinc, 
triethylaluminum, trimethylaluminum, 

· 25 triisobutylalumlnum, and mixtures thereof. Most 
preferably, activating compounds· are selected from the 
qroup consisting of non-hydroly~~d, i.e., not pre­
contacted wi~ ~ater, alkylalum~#um compounds, 
derivatives '()f alkylaluminum compounds, haloqenated 

- 3 o alkylaluminum compounds, and mi~ures thereof for 
improved product selectivity, a$:; well as improved 

·,. :· 

catalyst system reactivity, aqtlvity, and/or 
productivity. Exemplary compoutl,4s include, but are not 
limited to, triethylaluminum, .t~,ipropylaluminum, 

35 tributylaluminum, diethylaluminum chloride, 
diethylaluminUJll bromide., diethylaluminum ethoxide·, 
ethylaluminum E;esquichloride, and mixtures thereof for 

·· . . : .. :· -
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best catalyst system activity and product selectivity. 
The most pref erred alkylaluminum compound is 
triethylaluminum, for best results in catalyst system 
activity and.product selectively. 

5 Any amount of activating compound, such as a 
metal alkyl arid/or a Lewis acid, 1.s sufficient to 
activate and/or react with the chromium pyrrolide 
catalyst. Usually about 200 grams· of activating 
compound, i.e., metal alkyl and/or a Lewis acid, per 

10 gram of chro~ium can be used. Preferably, about l to 
about 100 qram~ of activating compound, such as a metal 
alkyl and/or a Lewis acid, per qram of chromium 
pyrrolide, and most preferably about 5 to about 30 
qrams of activating compound, such as a metal alkyl 

15 and/or a Lewis, acid, per qram of chromium pyrrolide are 
used, for be~t catalyst activity. However, the amount 
of activatingcompound, such as a metal alkyl and/or a 
Lewis acid employed can vaey with the catalyst support 
used. For ex•ple, if the support is silica and/or 

.... 20 alumina, too much activating COJD.pound, such as a metal ... 
alkyl and/or·a Lewis acid can decrease catalyst 
activity. However, a similar amount of activating 
compound, such as a metal alkyl and/or a Lewis acid, 
used with an aluminophosphate support does not always 

25 significantly decrease catalyst activity. 
As more broadly described herein, the 

hydrocarbon C~JD.pound used as a solvent can be any 
combination of one or more arom•tic or aliphatic 
unsaturated hY:drocarbon compounds. While not wishing 

30 to be bound by theory, it is beiieved that an 
unsaturated bydrocarbon compoun(iacts as more than a 
solvent, and can be a reactant and/or a stabilizing 
component durinq and/or subsequ.ent to formation of an 
invent! ve catalyst system. Exemp~ary unsaturated 

3 5 hydrocarbon compounds, such as,·· for example, a sol vent, 
can be any \lllsa~urated hydrocarbon compound that can 
dissolve theac~ivatinq compound, i.e., wherein the 
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activatinq cpmpound can be Lewis acid and/or metal 
alkyl. In accordance, a thirc;i aspect of the present 
invention ·in;addition to the aromatic compounds havinq 
from about 6_to about 50 carbon atoms per molecule -as a 

5 solvent as described in our above, application there can 
•. c. 

be used unsa~urated aliphatic hydrocarbons comprisinq· 
less than about 20 carbon atoms per'iomolecule. Specific 
exemplary unsaturated ~liphatic compo~ds include 
ethylene, 1-hexene, 1,3-butadiene, and mixtures 

10 thereof. The most preferred unsaturated_aliphatic 
hydrocarbon compound is ethylene because of elimination 
of catalyst :~ystem preparation steps and ethylene can 
be a trimerization and/or oliqomerization reactant. 
Specific exe~plary unsaturated aromatic hydrocarbon 

15 compounds include, but are not limited to, toluene, 
benzene, xylene, mesitylene, hexamethylbenzene, and 
mixtures th~reof. As described in our above 
application/ .the most preferred-unsaturated aromatic 
hydrocarbon compoun~ solvent is toluene, for ease of 

.-20 removal and ••minimal interference with the resultant 
catalyst system. ···· 

--

The unsaturated hydrocarbon compound can be 
present either durinq the i~f tial contactinq of a 
chromium pyrrolide and activatinq compound, i.e., prior 

25 to introduction into a trimerization, oliqomerization 
and/or polymerization reactor, or the unsaturated 
hydrocarbon compound can be intrOduced directly into 
the reactor. As stated above, Qne or more of the 
olefin reactants can be considered the unsaturated 

30 hydrocarbon. Preferably, the unsaturated hydrocarbon 
is present durinq the initial contactinq of a chromium 
pyrrolide and activatinq compound in order to stabilize 
the resultant catalyst system. ;; ;In the absence of an 
unsaturated hydrocarbon, the re~ultant catalyst system 

35 can deactivate and lose activity over a period of time. 
While any amount of unsaturated hydrocarbon 

compound cari be used, too much or too little can 
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adversely affect catalyst system activi~y. Therefore, 
preferably, the resultant catalyst system is stripped 
of any excess unsaturated aromatic hydrocarbon. 
Stripping of e~cess unsaturated aromatic hydrocarbon 

5 can be accomplished by any method,known in the art, 
. ~ 

such as, for example, solvent removal methods. 
Exemplary removal methods include, tiut are not limited 
to, filtration, vacuum dryinq, dryinq under an inert 
atmosphere, and combinations thereof. While not 

10 wishing to be bound by theory, it is believed that the 
remaining unsaturated hydrocarbon can stabilize the 
resultant catalyst system. If no unsaturated 
hydrocarbon is present, it is believed that the 
catalyst sys.tem can lose activity. 

15 An alternative, and then preferred, method in 
accordance with the above application to produce a 
supported catalyst system is to combine one or more 
solid, inventive chromium pyrrolide compo\inds with an 
unsaturated hydrocarbon solvent, as more broadly 

20 disclosed herein, so as to include, for example, 
toluene and/or ethylene, and an activatinq compound, as 
disclosed earlier, such as a metal alkyl and/or a Lewis 
acid, such as, for example, triethylaluminum. 

In accordance with a fourth aspect of the 
25 present invention, a catalyst system can be prepared by 

combininq a metal source 1. a pyrrole-containinq 
compound, and a metal alkyl and, preferably an 
unsaturated hydrocarbon compound, in a mutual solvent 
without a preliminary reaction step usinq an electron 

. . 
30 donor solvent (for reaction between the metal source 

and the pyrrole-containinq compound as described 
above). The optional unsaturated hydrocarbon, for 
example toluene, can serve as the mutual solvent. In 
the absence of such an unsaturated hydrocarbOn servinq 

35 as the mutual solvent, there can be used, for example, 
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cyclohexane. : These catalyst systems can further 
coJllPrise a ca:t~lyst support. Preferably the metal 
source is a chromium source but can be any of the other 
metals as desc.ribed above. 

5 The chromium source, si~lar to the earlier 
• . ·. • f. • 

discussed cpromium salt, can be one or more organic or 
inorganic chrqmium compounds, where±n the chromium 
oxidation state is from·O to 6. As used in this 
disclosure, ·. chromium metal is tncluded in this 

l.O definition of a chromium salt. Generally, the chromium 
source will h~ve a formula of _GrXn, wherein X can be the 
same or different and can be any organic or inorqanic 
radical, an<! .. n is an inteqer from 1 to . 6. Exemplary 
organic radic~ls can have from about 1 to about 20 

15 carbon atoms per radical, and are selected from the 
group consisting of alkyl, alkoxy, ester, ketone, 
and/or amido radicals. The orqanic radicals can be 
straight-chained or branched, cyclic or acyclic, 
aromatic or aliphatic, can be made of mixed aliphatic, 

20 aromatic, an~/or cycloaliphatic groups. Exemplary. 
inorganic radicals include, but are not limited to 
halides, sulfates, and/or oxides. 

Preferably, the chromi~ source is a 
chromium(IIl:"". and/or chromium(III)-containing compound 

25 which can yie~d a catalyst system with improved 
trimerizati:o:n·activity. Most preferably, the chromium 
source is a ''c:hromium(III) compound because of ease of 
use, availab~lity, and enhanced catalyst system 
activity. E:l[emplary chromium(III) compounds include, 

30 · but are not :limited to, chromium carboxylates, chromium 
naphthenates; chromium halides, chromium pyrrolides, 
and/or chromium dionates. Specif ~c exemplary 
chromium(III) compounds include, but are not limited 

. . 

to, chromium(III) 2,2,6,6-tetramethylheptanedionate 
35 [Cr(TMHD) 3], .chromium(III) 2-ethylhexanoate [Cr(DHhJ, 

chromium(III}naphthenate (Cr(Np) 3], chromium(III) 

.. ••;. 
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chloride, chromium (III) tris(2-ethylhexanoate), 

chromic bromide, chromic chloride, chromic. fluoride, 

chromium. (III) oxy-2-ethylhexanoate, chromium (III) 

dichloroethylhexanoate, chromium (III) acetylacetonate, 

5 chromium (III) acetate, chromium (III) butyrate, 
. ~ 

·chromium (III) neopentanoate, chromium (III) laurate, 

chromium. (III) stearate, chromium (PII) pyrro1ide(s), 

and/or chromium. (III) oxalate. 
Specific exemplary chromium. (II) compounds 

10 include, but are not limited to, «;::hromous fluoride, 

chromous chloride, chromous bromide, chromous iodide 

chromium (II) bis(2-ethylhexanoate), chromium (II) 

acetate; chromium (II) butyrate, chromium (II) neopent­

arioate, chromium (II) laurate, chromium (II) stearate, 

15 chromium. (II) pyrrolides, and/or chromium (II) oxalate. 

The pyrrole-containinq compound can be any 

pyrrole-conta~ninq compound that will react with a · 

chromium salt to form a chromium pyrrolide complex. As 

used in this disclosure, the term "pyrrole-containinq 

compound" refers to hydroqen pyrrolide, i.e., pyrrole, 

(C4ffsN), derivatives of hydroqen pyrrolide, as well as 

metal pyrrolide complexes. A "pyrrolide" (or a 

"pyrrole" as referred to in the first aspect of the 

invention) can be any compound comprising a s-membered, 

25 . nitroqen-containinq heterocycle, such. as, for example, 

pyrrole·, derivatives of pyrrole, ·and mixtures thereof. 

Broadly; the pyrrole-containinq compound can be pyrrole 

and/or any heteroleptic or homoleptic metal complex or 

salt, containing a pyrrolide radical, or ligand. The 

30 pyrrole-containinq compound can be either affirmatively 

added to the reaction, or generated in-situ. 

Generally, the pyrrole-containinq compound will have 

from about 1 to about 20 carbon atoms per molecule. 

Exemplary pyrrolides (or pyrroles) include hydrogen 

35 pyrrolide (pyrrole), derivatives of pyrrole, 

substituted pyrrolides (or pyrroles), lithium 

pyrrolide, sodium pyrrolide, potassium pyrrolide, 
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cesium pyrrolide, and/or the salts of substituted 
pyrrolides, because of high reactivity and. activity 
with the other reactants. Examples of substituted 
.pyrrolides (or pyrroles) include, but are not limited 

5 to pyrrole-2-carboxylic acid, 2-aQetylpyrrole, pyrrole-

" 2-carboxaldehyde, tetrahydroindole, 2,5-
dimethylpyrrole, 2,4-dimethyl-3-ethylpyrrole, 3-acetyl-
2,4-dimethylpyrrole, ethyl-2,4-dimethyl-5-
(ethoxycarbonyl)-3-pyrrole-propionate, ethyl-3,5- ~ 

10 dimethyl-2-pyrrole-carboxylate. When the pyrrole­
containing compound contains chromium, the resultant~ 
chromium compound can be called a chromium pyrro1ide; 

The most pref erred pyrrole-containing 
compounds used in a trimerization catalyst system are 

15 selected from the group consisting of hydroqen 
pyrrolide, i.e., pyrrole (C4ffsN) and/or 2,5-dimethyl 
pyrrole. While all pyrrole-containinq compounds can 
produce catalysts with high activity and productivity, 
use of pyrrole and/or 2,5-dimethylpyrrole can produce a 

20 catalyst system with enhanced activity and selectivity 
to a desired trimerized product, such as, for example, 
the trimerization of ethylene to 1-hexene, -as well as 
decreased polymer production. 

The metal alkyl, also referred to earlier as 
25 an activating compound, can be any heteroleptic or 

homoleptic metal alkyl compound. One or more metal 
alkyls can be used. The ligand(s) on the metal can be 
aliphatic and/or aromatic.· Preferably, the ligand(s) 
are any saturated or unsaturated aliphatic radical. 

30 The metal alkyl can have any number of carbon atoms. 
However, due to commercial availability and ease of 
use, the metal alkyl will usually comprise less than 
abou~ 70 carbon atoms per metal alkyl molecule and 
preferably less than about 20 carbon atoms per 

35 molecule. Preferred metal alkyls include, but are not 
limited to, alkylaluminum compounds, alkylboron 

compounds, alkylmagnesium compounds, alkylzinc 
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compounds.and/or alkyllithium compounds. Exemplary 
metal alkyls include, but are not limited .to, n­
butylli thiu:ni', _<s-butyllithium, t-butylli thium, 
diethylmagn$sium, diethylzinc, triethylaluminum, 

s trimethylalunii~um, triisobutylaluminum, and mixtures 
thereof. 

j'· ~ 

Most preferably, activatinq compounds are 
selected fro~·the group consisting of non-hydrolyzed, 
i.e., not pr~~contacted with water, alkylaluminum 

10 compounds, derivatives of alkylaluminum compounds, 
haloqenated a,lkylalwninum compounds, and mixtures 
thereof for d.Jiproved product selectivity, as well as 
improved cata~yst system reactivity, activity, and/or 
productivity.: Exemplary compounds include, but are not 

15 limited to, ·triethylaluminwn, tripropylaluminum, 
t_ributylal~.l*1,um, diethylaluminum chloride, 
diethylal~in~ bromide,~ diethylaluminum ethoxide, 
ethylalumin~sesquichloride, and mixtures thereof for 
best cataly~t.system activity and product selectivity. 

20 The most preferred alkylalwninum compound is -
triethylalwiiinum, for best results in catalyst system 

... . . .. 
activity and.product selectivi~y, as well as commercial. 
availability. 

When a trimerization catalyst system is the 
25 desired proc1*ct' the activating compoun~ must be at 

least one non~hydrolyzed alkylaluminum compound, 
expressed by·"·tb~: general formulae Al~, AlRzX, Al~, 
AlRzOR, AlRXOR, and/or Al~X,, wherein R is an alkyl 
group .and )C is a halogen atom. Exemplary compo~ds 

30 include, but are not limited to, triethylaluminum, 
tripropylalwiinum, tributyialuminum, 
diethylalum~n\Unchloride, diethylaluminumbromide, 
diethylall.iiilinU.ethoxide, diethylaluminum phenoxide, 
ethylalumii:il#lethoxychloride, arid/or ethylaluminum 

35 sesquichlorlde~ Preferably, the activating compound 
for a trimeriz~tion catalyst system is a 
trialkylal~inum compound, AlR,, for reasons given 
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above. The most preferred trialkylaluminum compound is 
triethylaluminum, for reasons qiven above. 

5 

Formation of stable and active catalyst 
systems can take place in the presence of an unsatu­
rated hydrocarbon. As discussed ~n the previous 

.. embodiment, an unsaturated hydrocarbon can be present 
either during the initial contacting of a chromium 
source, a pyrrole-conta·ininq compound and a metal 
alkyl, or can be introduced directly into a trimer-

10 ization, oliqomerization and/or polymerization reactor. 
Furthermo~e, one or more of the olefin reactants can be 
considered the unsaturated hydrocarbon. 

Any unsaturated aromatic or aliphatic 
hydrocarbon can be used. Preferably, an unsaturated 

15 hydrocarbon initially is present in the reaction 
mixture and most preferably, an aromatic hydrocarbon 
and/or ethylene initially is present to produce a 
highly active catalyst in terms of activity and 
selectivity, as well as a stable catalyst system. The 

20 unsaturated hydrocarbon can have any number of carbon 
atoms per molecule. Usually, the unsaturated 
hydrocarbon will comprise less than about 70 carbon 
atoms per molecule, preferably less than about 20 
carbon ~toms per molecule, due to commercial 

25 availability and ease of use. 
The unsaturated hydrocarbon can be a qas, 

liquid, or solid. ··Preferably, to effect thorough 
contacting and mixing of the chromium salt, pyrrole­
containinq compound, and metal alkyl, the unsaturated 

30 hydrocarbon will be in a liquid and/or dissolved state. 
Exemplary unsaturated aliphatic hydrocarbons include, 
but are not limited to, ethylene, 1-hexene, 1,3-
butadiene, and mixtures thereof.'. .The most preferred 
unsaturated aliphatic hydrocarbon:is ethylene, since 

35 ethylene can be a reactant durinq trimerization, 
oligomerization, and/or polymerization. Exemplary 
unsaturated aromatic hydrocarbons include, but are not 

..... _.-. .. ..._ 
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limited to, :::~oluene, benzene, xylene, mesitylene, 
hexamethylb~iizene, and mixtures thereof. Unsaturated 
hydrocarbons.<'.~re preferred in or~er to improve catalyst 
system stability, as well as improve catalyst system. 

5 activity. Th~;·most preferred unsaturated aromatic 
...... .. ... . .. 

hydrocarbon'is toluene, for bes~ resultant catalyst 
system stab~iity and activity. •;. 

If .. ~n unsaturated aromatic.hydrocarbon is 
added prior to. introduction of the chromium compound(s) 

l.O to a trimeri~~tion, oligomerization and/or 
polymerizat;oll: reactor, removal of, or stripping, the 
unsaturated a~omatic hydrocarbon prior to introduction -
of the chromium compound{s) into a reactor can improve 
catalyst sys;t,:em activity ·and/or product selectivity. 

15 Removal of th~ unsaturated aromatic hydrocarbon can be 
done in any·:·~er known in the art, such as, for 

~ . : . ' 

20 

example, flasliing or evaporation. The resultant 
product is ci:~concentrated, or saturated, solution of an 
inventive catalyst system. 

wJieh the unsaturated aromatic hydrocarbon is 
removed pric):r:to introduction to.a reactor, the 

.· ··:. 

concentrateci,,>or saturated, solution of an inventive 
catalyst sys~~ can be dissolved in a solvent 
compatible 1if..i~ the trimerization, oliqomerization 

25 and/or polyJll4a:r:ization process to improve ease of .. 
handling "tp.~··.inventi ve catalyst : system. Generally, the ; 
solvent isthe same as the reactor diluent. Preferred 
solvents inC:.lude, but are not i:L:mited to cyclohexane, 

·:, .· .... 

isobutane/ .. 'h4!xane, pentane, and·: :mixtures thereof • 
. ·.·. ·: .· .. 

30 i,iih~ reaction, option~lly, also can take place 
in the pre~~~ce. of a halide source. The presence of a 
halide source .• in the reaction ~txture can increase 
catalyst ~ystem activity and pr(>ductivity, as well as 
increase prOdµct selectivity. .Exemplary halides 

35 include, but,.are not limited to fluoride, chloride, 
bromide, ~~ci)or iodide. Due to ease of use and 
availability1.chloride is the preferred halide. Based 

·-·~ 
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on improved activity, productivity, and/or selectivity, 
bromide is the most preferred halide. 

Thf!·halide source can be any compound 
containing a)ialoqen. Exemplary compounds include, but 

5 are not limi~ed to compounds with. a general formula of 
R.Xn, wherein: :R can be any orqaniJ: and/or inorganic 
radical, X ¢~n be a halide, selected from the group 
consisting of fluoride,· chloride, bromide, and/or 
iodide, and m··+ n can be any number greater than o. If 

10 R is an organic radical, preferably R has from about l 

to about 70 carbon atoms per radical, most preferably 
from l to 20 carbon atoms per radical, for best 
compatibility·and catalyst system activity. If R is an 
inorganic :ra:4ical, preferably R is selected from the 

15 group consi~~ing of aluminum, silicon, germanium, 
hydrogen, bo;on, lithium, tin, gallium, indium, lead, 
and mixture$: .••. thereof. Specific exemplary compounds 
include, but are not limited to, methylene chloride, 
chloroform;·~fR1zylchloride, silicon tetrachloride, tin 

20 (II) chloride, tin (IV) chlori-de, germanium 
tetrachloriae, _boron trichloride, alumin~ tribromide, 
aluminum trichloride, 1,4-di-bromobutane, and/or 1-
bromobutane,. 

Furthermore, the chromium source, ·the metal 
25 alkyl and/or.un11aturated hydrocarbon can contain and 

provide a h.al,~~e to the reactio.n mixture. Preferably, 
the halide'.Squrce is an alkylalU:minum halide and is 
used in conjunction with alkyla1uminum compounds due to 
ease of u.se and compatibility/·as well as improved 

30 catalyst ··Y:·tem activity and prOduct selectivity. 
Exemplary a:lkylaluminum halides: include, but are not 
limited to, diisobutylalumin~:chloride, 
diethylaluminum chloride, ethy~:aluminum sesquichloride, 
ethyl~luminum dichloride, dietbylalwainwa bromide, 

35 dieth;lalumin'1)1l iodid~, and mi~:ures thereof • 
. · When a trimerization catalyst system is the 

desired produ9t, preferably, .the reaction mixture 
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comprises a halic1e source. F~ermore, most 
preferably,.the halide source is selected .from the 
qroup consi~tinq of tin (IV) halides, germanium 
halides, and llixtures thereof. The halide source, most 

"•A • 

5 preferably, i.s combined with the phromium source and 
pyrrole-cont~ininq compound priorc.· to addition of a 
metal. alkyl, :i.e., the chromium source and pyrrole­
containinq compound are·pre-treated with a halide 
source, to inc~ease catalyst system ·productivity. , 

l.O The ~ount of each reactant used to prepare a 
trimerizationcatalyst system can be any amount 
sufficient that, when combined with one or more 
olefins, trimerization, as defined in this disclosure, 
occurs. Usua1·1y, to prepare a trimerization catalyst 

1.5 system, about one mo1·e of chromium, as the element 
chromium (Cr), can be combined with about l to about 50 
moles of py?.j:ole-containinq compound and about 1 to 
about 75 mol~s of aluminum, as the element, in an 
excess of .u:risaturated hydrocarbon. If an optional 

20 halide source is present, usually about 1 to about 75 
moles of halide, as the element, are present. 
Preferably, Esbout 1 mole of chromium, calculated as.the 
element chrOJll.ium (Cr), can be combined with about l to 
about 15 moles of pyrrole-containinq compound and about 

25 5 to about 4.0 moles of aluminum, calculated as the i 

element aluminum (Al), in an excess of unsaturated . 
hydrocarbon.;· I~ an optional halide source is present, 
preferably ~out 1 to about 30 moles of halide, 
calculated.~s elemental halide (X), are present. Most 

30 preferably, ·aJ:>out one mole of c)lromium, as the element 
·• 

(Cr), is coJDbined with two to four moles of pyrrole-
containinq compound and 10 to 20 moles of aluminum, as 
the element : ·(Al) , in an exce•s of unsaturated 
hydrocarbon. If an optional halide source is present, 

35 most preferaJ>,ly 2 to 15 moles of halide, as an element 
(X), are prelse11t. 

Ap :excess of pyrrole-containinq compound does 
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not appear to·j,.mprove, catalyst system ~ctivity, 
productivity'/ Jl~d/or selectivity. An unsaturated 
hydrocarbon.:c.~ improve catalyst. system stability, 
activity, aijd./or selectivity. An excess of the 

5 unsaturated·:·:hydrocarbon can harm .catalyst system 
"·>."·,' ,, ' " 

selectivity·and/or activity. Too· much alkylaluminum 
can decreas~ ~talyst system activity ··and product 
selectivity.,_·-Too little alkylaluminum can result in 
incomplete fe)rmation of a -catalyst system, which in 

10 turn, ·can result in low catalyst system activity and 
increase fo~tion of undesired polymeric by-products. 
An excess of: an optional halide source can deactivate a 
catalyst sy1:1tem, and therefore can result in decreased 
catalyst sy~t~ activity. As stated eariier, presence 

15 of a halide·,' ~6urce can increase catalyst system 
activity an,a,.··product selectivity. 

' .. . .. . 

:th'.. ~cc;:ordance with the fourth aspect of the 
invention pX'ef erably the pyrrole-containinq compound is 

,··.. . . 
present in.th• reaction mixture toqether with the metal 

20 source priqrto·the introduction of the metal alkyl. 

25 

If this ord.~~:· of addition is followed, a better 
.. ·; :--· · .. ·. 

catalyst s¥S,tem, in terms of product selectivity and 
catalyst sys~a activity and productivity, can be 
produced • 

. Tb.ereaction pr~ferably occurs in the absence 
of oxygen, w~ich can deactivate the catalyst, and under 
anhydrous C:on<!itions, i.e., in the initial absence of 
water. Therefqre a dry, inert atmosphere, such as, for 
example, ni~()(Jen and/or argon is most preferred_. 

JO Additionally,: the metal alkyl is a non-hydrolyzed metal 
alkyl. 

_• ':rhe reaction pressure can be any pressure 
which does,,no:t adversely affect the reaction. 
Generallyi:pressures within the range of from about 

35 atmospheri~pressure to about three atmospheres are 
accepta"ble·~' ' For ease of operation atmospheric pressure 
is qenera1i.Y··";mployed. 

, .. _,,,,,. 
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The reaction temperature can be any 
temperature. In order to effectuate a more efficient 
reaction, temperatures which maintain the reaction 
mixture in a liquid .state, for reasons qiven above, are 
preferred. , 

" The reaction time can be any amount of time 
necessary for.·· the reaction to occur;~ The reaction can 
be considered a dissolution process;· any amount· of time 
which can· diss.qlve substantially· all reactants is 

10 sufficient. Dependinq on the reactants, as well as the 
reaction temperature and pressure, reaction time can 
vary. Usually, times.of less than about 1 day can be 
sufficient. Usually, reaction time is less than about 
60 minutes. Under optimum conditions, the reaction 

15 time can be within the ranqe of from about 1 second to 
about 15 minutes. Lonqer times usually provide no 
additional benefit and shorter times may not allow 
sufficient time for complete reaction. 

A heteroqeneous, i.e., supported, catalyst 
20 system can be·prepared in accordance with the fourth 

aspect of the.invention in-situ·in the reactor by 
adding solid support directly to the reactor. As 
stated earlier, exemplary catalyst supports include, 
but are not limited to, zeolites, inorganic oxides, 

25 either alone or in combination, phosphated inorqanic 
oxides, and mixtures thereof. ·Particularly preferred 
are supports.· ~elected from the group consistinq::'·of . 
silica, silica-alumina, alumina, fluorided alumina, 
s'ilated alumi.na, thoria, aluminophosphate, aluminum 

30 phosphate, phosphated silica, p~osphated alumina, 
silica-titania, coprecipitated silica/titania, 
fluorided/silated alumina, and mixtures, thereof, beinq 
presently preferred, as well as;any one or more of 
these supports which can contain.chromium. The 

35· presently most preferred catalyst support, because of 
the qreates.t trimerization activity, is 
alum.inophosptta.te, as disclosed in U.S. Patent 
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4,364,855. In-situ preparation of a heterogeneous 

catalyst system, used in a trimerization or 
oliqomerization process, can decrease undesirable 

formation of polymer. 
5 Heteroqeneous trimeriz~tion, oliqomerization, 

and/or polymerization catalyst ~ystems can also be 
prepared in accordance with this aspect of the 
invention by forminq a reaction.mixture comprisinq a 
chromium source, a pyrrole-conta,ininq compound, a metal 

lO alkyl, an unsaturated hydrocarbon, and an inorganic 
oxide, as disclosed earlier. Optionally, as disclosed 
earlier, a halide source can be added. Reaction 

stoichiometries and reaction conditions are the same as 

those disclosed for the second embodiment of the 

15 

20 

25 

invention. 
Any excess of chromi\ilJl source, in relation to 

the inorqanic oxide catalyst support, is sufficient. 
However, usually, less than about 5 qrams of chromium 

pyrrolide compound per qram of c:atalyst support is 
sufficient. Preferably, about 0.001 to about 0.01 to 
o.s qram of chromium pyrrolide· Compound, or chromium. 

source, per qram of support is used for best ·support 
loadinq and most efficient use ot the reagents. The­
~ount of chromium pyrrolide, or-chromium source, 
compound perqram of support can be expressed in 
different, yet equivalent terms,,such as, for example, 
lllOles of chromium per qralll of !Support. usually, less 
than about 8. 6 x io·3 moles of C:h.to11liWll per qraJa of 

support is sufficient. Pref eral:>iy, about l. 7 x ro·6 to 
30 about 1.7 x 10·5 to 8.6 x 10·4 mole.a of chromiwa -per qram 

of support are used, for reasoru:l!q,iven above. 
The resultant heter~4'1'lepus catalyst system 

can be collected by filtration/'~o recover a solid 

catalyst system product. The solI:d catalyst system is 

35 preferably kept under a dry, iri~rt· atmosphere to 
.. , . 

maintain chemical stability and re'ac_tivity. 

-------------·------------ --------------:··-- ·--·---·-----<·•------· ------·--·-·-----·----·-- ----------~-~~-
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EP-A-417 477 describes polymerization catalyst and cocatalyst systems, 

the cocatalyst including the chromium compounds of EP-A-416 304. 

t;enerally, polymerization catalysts systems are 
considered either chromium catalysts (also known as 
"Phillips Catalysts") or titanium, zirconium and/or 
vanadium-containing catalysts. 

Any chromium. catalyst system known in the art 
can be used. Commercially available chromium.catalyst 
systems typically comprise chromium, at least a portion 
of which is in the hexavalent state, supported on an 
inorqanic oxide; optionally, .. the polymerization 
catalyst system can further comprise a metal alkyl co­
catalyst. Exemplary chromiwa catalyst systems include, 
but are not limited to those disclosed in U.S. Patents 
3,887,494; 3,900,457; 4,053,436; 4,151,122; 4,294,724; 
4,392,990; and 4,405,501. 

Any titanium, zirconium. and/or vanadium­
containinq catalyst system known in the art can also be 

20 used. commercially. available titanlum, zirconium 

25 

·and/or vanaditllll catalyst system typically comprise 
complexes of t~ansition metal halides with 
organometallic compounds. Exemplary magnesium/titanium 
catalysts include, but are not limited to, those 
disclosed in U.S. Patents 4,394,291; 4,326,988; and 
4,347,158. 

The amount of novel trimerization and/or 
oliqomerization cocatalyst systems, includinq the 
inventive chromium compounds used as a cocatalyst can 

30 be any amount sufficient to qenerate a comonomer· that 
can be incorporated into the polymer product. The 
chromium catalyst systems prepared by the various 
aspects of the present invention can serve as 
cocatalysts in conjunction with the titanium, zirconium 

35 and/or vanadium.-containinq ca~alysts discussed above. 
The process Of the above fourth aspect of the 

...• 

I 
;• 

• ...... .-·:·· -;~~ ... '.~ ": .. ·•!o'"f.':~· ·~-- ~ . 
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invention in combininq the metal source, and pyrrole­
containinq compound, and the metal alkyl, ~nd, 
preferably an unsaturated hydrocarbon, avoids the need 
to isolate the first reaction product as per the 

5 processes described in our above-mentioned 
~ 

~pplications. Furthermore, the ~talyst systems 
produced by the process of the fourth aspect of the 
invention have improved.productivity· and selectivity to 
the desired trimerization product, for example in 

10 producinq one-hexene from ethylene. 
Polymerization Reactants 

Reactants applicable for use in 
polymerization with the catalyst systems and cocatalyst 
systems and processes of this invention are olef inic 

15 compounds which can polymerize, i.e., react the same or 
with other olefinic compounds. catalyst systems of the 
invention can be used to polymerize at least one linear 
or branched mono-1-olefin having about 2 to about 8 
carbon atoms. Exemplary compounds include, but are not 

20 limited to, ethylene, propylene, i-butene, 1-pentene, 
1-hexene, 1-octene, and mixtures thereof. 

The catalyst systems of the present invention 
are also useful in oliqomerization processes usinq 
olefin compounds havinq from about 2 to about 30 carbon 

25 atoms per molecule and havinq at least one olefinic 
double bond. Exemplary mono-olefin compounds include, 
but are not limited to acyclic and cyclic olefins such 
as, for example, ethylene, propylene, 1-butene, 2-
butene, isobutylene, 1-pentene, 2-pentene, 1-hexene, 2-

30 hexene, 3-hexene, 1-heptene, 2-heptene, 3-heptene, the 
four normal octenes, the four normal nonenes, and 
mixtures of any two or more thereof. Exemplary 
diolefin compounds include, but are not limited to, 
1,3-butadiene, isoprene, 1,4-pentadiene, and 1,5-

35 hexadiene. If branched and/or cyclic olefins are used 
as reactants, while not wishinq to be bound by theory, 

it is believed that steric hindrance could hinder the 
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trimerizatic.J)process. Therefore, the branched and/or 
cyclic portion(s) of the olefin preferably should be 
distant frolltiie carbon-carbon double bond. 

•·.·. .. : 

Tri111erization, as used in this disclosure, is 
s defined as t,he combination of any, two, three, or more 

• ·c ·::,·.= ·-. 9" • • 

10 

olefins, wherei~ the number of olefin, i.e., double, 
bonds is redu¢~d by two. Reactants"~applicable for use 
in the trim~~ization process of this invention are 
olefinic comp9unds which can a) self-react, i.e., 

· .. : . 

trimerize, tq:qive useful products such as, for 
example, the·self reaction of ethylene can qive one • 
hexene and ~e self-reactio~ of 1,3-butadiene can give 
1,5-cyclooct~d,iene: and/or b) olefinic compounds whieh 
can react with other olefinic compounds, i.e., co-

15 trimerize, tq.qive useful products such as, for 
example, co•~rimerization of ethylene plus hexane can 
qive one deC::ene.and/or 1-tetradecene, co-trimerization 
of ethylem~' ~d 1-butene qives one octene, co­
trimerizatj.~n::·of 1-decene and ethylene can qive 1-

20 tetradecene·:·!arid/or 1-docosene, or co-trimerlzation of 
1,3-butadie#,eand 1,5-hexadiene can give 1,5-cyclo­
octadecadie~e. For example, the number of olefin bonds 
in the coml:)itjation of three ethylene units is.reduced 
by two, to·one olefin bond, in 1-hexene. In another-

25 example, tll~:;number of olefin bonds in the combination 
of two 1,3:-h,~tadiene units, is reduced by two, to two 
olefin boncir1,~:1n 1,5-cyclooctadiene. As used herein, 
the term •tf,imerization" is intended to include 
dimerization of diolefins, as well as "co-

30 trimerization", both as defined above. 
Suitable trimerizable ·. clef in compounds are 

those co111pounds havinq from about 2 to about 30 carbon 
.. ·.· : 

atoms per.molecule and having at least· one oiefinic 
double bond. Exemplary mono-ol~fin compounds include, 

35 but are not,liJ11ited to acyclic and cyclic olefins such 
as, for exajlpl•, ethylene, propylene, 1-butene, 2-
butene, i~obut~lene, 1-pentene, 2-pentene, 1-hexene, 2-
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hexene, 3-he~f!lle, 1-heptene, 2-heptene, 3-heptene, the 

four normal octenes, the four normal none~es, a~d 
.mixtures of any two or more thereof. Exemplary 

diolefin comp()unds include, but are not limited to, 
1,3-butadiene, 1,4-pentaQiene., anfi 1,5-hexadiene. If 

. : . ; . . . "' 
bran~hed and/().r cyclic olefins a~e used as reactants, 
while not wiSp,inq to be bound by theory, it is believed 

that steric .hindrance could hinder· the trimerization 
process. Th~refore, the branched arid/or cyclic 

portion(s) o~'.·the olefin preferably should be distant 

from the ~ar~9n-carbon double bond. 
cat~lyst systems produced in accordance with 

this invention preferably are employed as trimerization 
catalyst systems. 

15 Beaction Conditions 
The'reaction products, i.e., trimers and/or 

polymers, can··be prepared from the catalyst systems of 

this inventi~ri ):)y solution reactions, slurry reactions, 

and/or gas p~ased reaction techniques using 
20 conventionai·•ql.lipment and contacting processes. 

Contacting o.f the monomer or monomers with the catalyst 

system or wit.h the polymerization catalyst system and 
-:·: . . 

trimerizati()p/oligomerization cocatalyst system, can be 

effected_ by.a,ny·manner known in the art.of homogeneous 

25 (liquid) orhe't~roqeneous (solid) catalyst systems. 
. . . -~ ... ,. . 

one convenient method is to suspend the catalyst system 

in an organ.ib'tli.~dium and to agitate the mixture to 
maintain th~·.:.(:at~lyst system in suspension throughout 

: ' : ,, . 

the trimeri~a'tion, oligomerizat~on and/or 
30 polymerization process. Other known contacting methods 

such as fluidized bed, gravitating bed, and fixe4 bed 

can also be employed. One conve,nient method with the 

catalyst/co~atalfst systems is to suspend a 

polym~rization catalyst system :in an orqanic medium and 

35 to aqitate tlJ.e;aixture to maintain the polymerization 

catalyst syst~·in suspension throughout the 
trimerizaticm ~nd/or polymerization process. An 
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inventive cocatalyst system can then be added. A 

polymerization catalyst system and inventive cocatalyst 

system, preferably, can also be fed simultaneously to a 

polymerization reactor, via one or more catalyst and/or 

5 cocatalyst system feed streams. Other contactinq 
" methods such as fluidized bed, qravitatinq bed, and 

fixed bed can also be employed with '"all these catalyst 

systems •. 
Re~ction temperatures and pressures can be 

......... 
10 any temperature and pressure whi~h can trimerize, 

oliqomerize, and/or polymerize the olefin reactants·. 

Generally, reaction temperatures are within a ranqe·of 

about o· to about 2so·c. Preferably, reaction 

temperatures within a range of about 60• to about 

15 2oo·c. and most preferably, within a ranqe of so· to 

15o·c. are employed. Generally, reaction pressures are 

within a ranqe of about atmospheric to about 2500 psiq. 

Preferably, reaction pressures within a ranqe of abo~t 

atmospheric to about 1000 psig and most preferably, 

20 within a ·ranqe of 300 to 700 psig are emproyed. 

· Too low of a reaction temperature can produce 

too much undesirable insoluble product and too hiqh of 

a temperature can cause decomposition of the catalyst 

system and reaction products. Too low of a reaction 

25 pressure can result in low catalyst system activity. 

Too high of a pressure can cause production of too much 

undesirable insoluble product. 
Optionally, hydrogen can be added to the 

reactor to accelerate the reaction and/or increase 

30 catalyst system activity. 

The catalyst systems of this invention are 

particularly suitable for use i~:trimerization and/or 

oliqomerizations. The slurry process is qenerally 

carried out in an inert diluent:, (medium) , such as a 

35 paraffin, cycloparaffin, or aromatic hydrocarbon. 

Exemplary reactor diluents include, but are not limited 

to, isobutane and cyclohexane. Isobutane can decrease 
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the swelling of the polymer product. However, a 
homogeneous.tr:i:merization/oligomerization.cocatalyst 
system is morf! soluble in cyclohexane. Therefore, a 
preferred dil'1f!nt for a homoqeneous trimerization or 

5 oligomerization-i;>rocess is cyclo~exane and a preferred 
diluent fo~ a.heteroqeneous tri•Jrization or 
oligomerization process is isobutan4. When the 
reactant iliJ_predominately ethylene, a temperature in 
the range of ~out o· to about Joo•c. generally can be 

10 used. Prefer~ly, when the reactant is predominately 
ethylene, a tf!mperature in the range of about 60· to 
about iso·c. is·employed. 

Any·; amount of polymerization catalyst system 
and cocatalyst system can be present in a: 

15 polymerization reactor, in order to produce a polymer 
.J with a desirec;t ·set of optima"! properties, such as, ~or 

example, density, melt index, hi.qh load melt index and 
molecular wel~ht. Usually, up to about 4 o parts by 
weight of a s'1pported, i.e., heterogeneous, cocatalyst 

20 system can be' present for each part by weiqht of 
polymerization catalyst system. Preferably, about 1 to 
about 25 parts:: cocatalyst system for each part 
polymerizatio.n-catalyst system, and most preferably, 3 

to 15 partsbyweiqht cocatalystsystem for each part 
25 polymerization catalyst system·. are present, _to produce 

a polymer :~ith···(lesirable phYIJ.iC:~l and processinq 
characteristics. • 

Products· 
The olefinic and/or polymeric products of 

30 this invention have establis~•ci'utility in·a·wide 
variety of application such as/:·:for example, as 
monomers for.>u~e· 'in the prep:clr:ation of homopolymers, 
copolymer~~ ~nd/or terpolym~fs.{·;· The polymeric products 
of this invention have estabii~h~d utility in a wide 

35 variety of applicaton such ~~··for example, 
pol.yethylene:. · '.,.·· 

The ~urther understanding of the present 
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invention and.its advantaqes wi11 be provided by 
reference to the foi1owinq examples. 

Examples 
Various, equivalent abbreviations are used 

5 throughout the disclosure and examples. Some of these 
I 

include triethylaluminum as TEA, Al(~) 2 ; 

diethylaluminum chloride as DEAC, (kl(CzHs) 2Cl): 
chromium (III) 2-ethylhexanoate as Cr(EH) 3, CrEH, CrEK:J; 
hydroq~n pyrrolide as pyrrole, Py, PyH, (C41fsN) : 

10 chromium (III) acetylacetonate as Cr(acac) 3, Craca~, 
cracac, Cr(C5Hr02) 3; chromium (I:I:I) pyrrolide as CrPy2 , 

(Na(C4H10o2) 2] [Cr(C4H4N) 3Cl(C4H10o2)], [Na(DME) 2 ] 

[Cr(C4H4N)3Cl(DME)], [Na(DME)z] [Cr(Py)3Cl(DME)], Product -
V, Compound v: chromium. (III) chloride tris-

15 tetrahydrofuran as CrC13THF3 , crcl3 (THF) 3 ; 2,5-
dimethylpyrrole as, hydroqen 2,5-dimethylpyrrolide, 
C6~, 2,5-DHP; butene as c4=: 1-hexene as 1-c6=; hexene 
as C6=; octene as c8=; decene as c10=; dodecene as c12=; 

tetradecene as c14=. 
20 Example I .... 

Run 1001 
0.14 q (0.29 mmol) of chromium (III) 2-

ethylhexanoate (Cr~), [Cr(CgH15o2) 3], was weighed into a 
25 ml pressure tube. The tube was capped with a self 

25 sealing crown cap. 0.062 ml (0.89 mmol) pyrrole (PyH), 
[C4NHsJ and cyclohexane, used as a d~luent, were added 
via syrinqe to form a solution, which was about 8 ml 
total volume. 

0.9 ml of a 1.1 K solution (0.99 mmol) of 
30 triethylal~inum (TEA), [Al(CzHs) 3], in heptane and a 

0.9 ml aliquot of the Cr~PyH solution were added 
under a counterflow of ethylene (CP grade) to a l liter 
autoclave reactor, containing 300 mL cyclohexane, to 
form a catalyst system. The reactor was sealed and 

35 ~thylene addition stopped until the reactor temperature 
reache~ a reaction temperature of so·c. The ethylene 
pressure was increased to a total reactor pressure of 
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550 psiq. Ethylene was then fed on demand for a 30 

minute run time. At the end of the run, ~ sample of 

the liquid reaction product mixture was taken and 

analyzed via capillary gas chromatoqraphy. The 

5 remaining reaction product mixture was evaporated and 
I 

the amount of solid product was d~termined. The 

results are summarized below in Table XXIII. 

·Run 1002 

The procedure described in Run 1001 was 

10· followed except 8 ml of a 1.1 H solution (8.8 mmol) of 

TEA in heptane was added directly -to the CrEHy1PyH 

solution to form a solution (10 ml total volume) and 

not to the reactor. A 0.7 ml aliquot of the 

CrEH3"PyH/TEA solution was added to the autoclave 

15 reactor. No additional TEA was introduced into the 

reactor. The results are summarized below in Table 

XXIII. 
Run 1003 

The procedure described in the Run 1002 was 

20 followed· except 0.109 (0.29_ mmol> chromium (III) 

acetylacetonate (Craca0:5), [CrCc;R,c>2) 3], was substituted 

for Cr~ and 6 ml of a 1.1 H solution TEA (6.6 mmol) in 

heptane was used in the formation of a Craca03"PyH/TEA 

solution {8 ml total volume). A 1.4 ml aliquot of the 

25 Craca03"PyH/TEA solution was added to the autoclave 

reactor. The results are summarized below in Table 

XXIII:. 
Run 1004 

The procedure described in Run 1001 was 

JO followed except 0.9 ml of a 1 K solution (0.9 mmol) of 

diethylaluminum chloride (DEAC),, [AlCl{CzHs) 2], in 

hexanes was added to the crEHy'PyH solution to form a 

CrEHy'PyH/DEAC solution. A 0.6~ ml aliquot of the 

CrEHy'PyH/DEAC solution and 0.9;ml of a 1.1 M solution 

35 (0.99 mmol) of TEA in heptane were added to the 

autoclave reactor. The results are s\immarized below in 

Table XXIII. 
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Run 1005 
The procedure described in Run 1_001 was 

followed except 0.9 ml of a 1 H solution (0.9 mmol) of 
DEAC in hexanes was added to the Cr~PyH solution and 

5 the resultant CrEH,JPyH/DEAC solution was aged for 1 day 
s.' at ambient temperature and pressure, under dry 

nitrogen. A 0.65 ml aliquot of the'•aqed Cr~PyH/DEAC 
solution + 0.9 ml of a 1.1 H solution (0.99 mmol) of 
TEA in heptane were added to the autoclave reactor. 

10 The results are summarized below in Table XXIII. 
Run 1006 

The procedure described in Run 1001 was 
followed except a solution was prepared usinq 0.13 *l 
pyrrole. Additionally, 1.0 ml of a 0.1 H solution (0.1 

15 mmol) of DEAC in hexanes was added alonq with the TEA 
to the reactor. A o. 9 ml aliquot of the crE~PyH 
solution was used. The results are summarized below in 
Table XXIII. 

Run 1007 
20 The procedure described in Run 1003 was 

followed except 3 ml of a 1.9 H solution (5~7 mmol) of 
TEA in toluene was used and toluene was substituted for 
the cyclohexane diluent in the formation of the 

.-· 

CrEHy'Py~/TEA solution. Thus, an excess of toluene was 
25 present in the reactor. A 0.9 ml aliquot of the 

CrEHy'PyH/TEA solution was used. The results are 
summarized below in Table XXIII. 

Run 1008 
The procedure described in Run 1002 was 

· 30 followed except 0.10 g of a chromium (III) ·pyrrolide 
(CrPy3), [Cr(C4H4N) 3C1Na(C4H10o2) 3 ] (0.17 mmol) was 
substituted for Cr~, and a so~ution was prepared usinq 
0.04 ml (0.52 mmol) PyH and 3.5,ml of a 1.1 H TEA (3.85 
mmol) in heptanes. The final solution volume was about 

3 s s ml. A 1. o ml aliquot of the CrPy~PyH/TEA solution 
was used. The results are summarized below in Table 
XXIII. 
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Run 1009 

The procedure described in Run 1008 was 

followed except 1.8 ml of a 1.9 H TEA solution (3.42 

mmol) in toluene was used, and toluene was substituted 

5 for cyclohexane in the formation of the CrPy:sf PyH/TEA 

solution. Thus, an excess of tofuene was present in 

the reactor.. ·. A 1. 4 ml aliquot . of· the CrPy:sf PyH/TEA 

solution was used. The results are ·summarized below in 

Table XXIII. 
10 Rull 1010 

The procedure described in Run 1008 was 

followed except no neat PyH was added durinq the _ 

prepara~ion of a CrPyy'TEA solution. A 1.4 ml aliquot 

of the CrPyy'TEA solution, in cyclohexane, was used. 

15 The results.~e summarized below in Table XXIII. 

Run 1011 

Th,e procedure described in Run 1009 was 

followed exc•pt no neat PyH was.added durinq the 

preparation Qf a crPyy'TEA solution. A 1.4 ml aliquot 

20 of the CrPy:sfTEA solution, in toluene, was used. Thus, 

an excess of toluene was present in the reactor. The 

results are summarized below in Table XXIII. 
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Table XXIII 

Homogeneous Catalyst Systems 

mg Cr Activity Total Liquid Product Distribution, 
(elemental) (CJ product/ Product wt. % wt. % W!.iS:b:t E!l:Q!Di: 

--8Yn Charged q Cr/Hr Yield. q Liquid Solid ~ 1-~=: ~ ~ &,o= &,~ ~,,.: 

1001 1.6 11,000 8.8 94 6 2 - 898 2 6 <1 <l 

1002 0.96 8,800 4.2 88 12 1 87 5 2 4 <1 <1 

1003 2.6 9,800 12.a 64 36 2 81 4 4 5 1 1 

1004 1.1 15,000 8.5 98 2 <1 - 928 1" 6 <1 <1 

1005 1.1 26,000 14.9 98 2 <l 88 4 6 <1 <1 <l w 
I-' 

1006 1.5 12,000 9.o· -~ .. 98 2 <1 - 97•. 1 2 <1 <l . 
1007 2.6 3,500 4.6 50 50 2 86 4 3 3 <1 

... ~ 
<l 

1008 2.5 8,300 10.5 >99 <l 1 83 5 <l 8 <1 1 

1009 2.5 4,100 5.2 99 1 1 88 4 1 6 <1 <1 

1010 2.5 7,100 8.9 97 3 <1 82 6 1 8 <1 1 

1011 2.5 3,300 4.2 98 2 <1 89 4 1 5 <1 <1 

• Total hexenes. 
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Example II 
It should be noted that the.results in Table 

XXIII, from Example X, and the results in Table XXIV, 
from Example XI., are not directly comparable, due to 

5 reactions conducted in different ~eactors, under 
differ~nt conditions, by the use"of different ethylene 
and cyclohexane feedstocks, as well'• as different 
diluents. However, direct comparisons within each 
Example can be made. 

10 Run 2-001 
0.30 q (0.62 mmol) -of chromium (III) 2-

ethylhexanoate (CrEH,) (10.15r.wt% Cr) was combined with 
0.12 ml (1.73 mmole) of neat:pyrrole (PyH) in 10 ml of 
toluene. 2.a ml of 1.9 H triethylaluminum (TEA) 

15 solution (5.32 mmol) in toluene was added, and the 
CrEHy'PyH/TEA solution was stirred for 30 minutes under 
dry nitroqen, at ambient temperature and pressure. The 
dark brown CrEHy'PyH/TEA solution was filtered and . 
excess toluene was removed by vacuum stripping, which 

20 resulted.in l.O ml-of a dark brown oil, used as 
catalyst system. Under a counterflow of ethylene, o.s 
ml (0.15q Cr~;l5.2 mq Cr) of the catalyst system and 
4.0 ml of nonane (reactor internal standard) were added 
to·a 2 liter autoclave reactor at ao·c., which 

25 contained 1.2 liters of cyclohexane. The reactor was 
then pressurized with ethylene to 550 psiq, and the 
reaction was run for 30 minutes, with ethylene beinq 
fed on demand. 

The results are summarized below in Table 
30 XXIV. 

Run 2002 
The procedure described in Run 2001 was 

followed except diethylaluminum chloride was added in 
addition to the CrEB:s/PyH/TEA solution. 

· 35 0.53 q (l.10 mmol) of CrE~ (10.15 wt. t Cr) 
was combined with 0.52 ml (7.5 mmole) of neat PyH in 15 
ml of toluene and stirred for 5 min. 9.0 ml of a 1.9 M 
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TEA solution (17.l mmol) in toluene was added, and the 
Cr~PyH/TEA solution was stirred overnight under dry 
nitrogen at ambient temperature and pressure. Excess 
toluene was removed from the resultant dark brown 

5 solution via vacuum strippinq, which resulted in 2.5 ml 
~ 

of a dark brown oil. o.s ml (10.Smq; 0.21 mmole Cr) of 
the dark brown oil was combined with 1.0 ml of a 0.87 M 

(0.87 mmol) diethylaluminum chloride (DEAC) solution in 
nonane, and the cr~PyH/TEA/DEAC solution was stirred 

10 overn~ght under dry nitrogen, at ambient temperature 
and pressure. The resultant product was used as the 
catalyst system. Under a counterflow-of ethylene, 1.3 
ml (9.4mg Cr: 0.18 mmole Cr) of the catalyst system and 
4.0 ml of nonane (reactor internal· standard) were 

15 charged directly to a 2 liter reactor at so·c., which 
contained 1.2 liters of cyclohexane. The reactor was 
then pressurized with ethylene to 550 psig, and the 
reaction was run for 30 minutes with ethylene being fed 
on demand. 

20 

• 

·· The results are summarized below in Table 
xx:rv. 

Run 2003 
0.33 g (0.68 mmol) of CrE~ (10.15 wt. i Cr) 

was combined with 0.13 ml (1.87 mmole) of neat PyH in 
25 10 ml of toluene and stirred 5 min. 1~9 ml of a 1 M 

(1.9 mm.cl) DEAC solution in hexanes was added and the 
CrE~PyH/DEAC solution was stirred for 3 o minutes under 
dry nitrogen, at ambient temperature and pressu~e, 
which resulted in a light yellow/green solution. 5.1 

30 ml of a 1.9 H (9.7 mmol) diethylaluminum chloride 
(DEAC) solution in toluene was added, and the 

CrE~PyH/DEAC/TEA solution was stirred for 0.5 hr, 
which resulted in a dark yellow/brown solution. Excess 
toluene and.hexane was removed from the dark 

35 yellow/brown CrE~PyH/DEAC/TEA solution via vacuum 
stripping, with a dark yellow/brown oil remaininq. The 
yellow/brown oil was dissolved and brought to a total 
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Volume Of 25 ml in cyclohexane and used as a catalyst 
system (l.32mq Cr/ml). Under a counterflQw of 
ethylene, 7.0ml (9.2mq Cr; 0.178;mmole Cr) of the 
catalyst system and 4.0 ml of nonane (reactor internal 

5 standard) were charqed dj.rectly t;o a 2 liter reactor at 
ao·c., which contained 1.2 liters"· of cyclohexane. The 
reactor was then pressurized with e'bhylene to 550 psiq 
and the reaction was run for 30 minutes with ethylene 
being fed on demand. 

10 The results are summarized below in Table 
XXIV. 

Run 2004 
The procedure described in Run 2002 was 

followed, except the CrEHy'PyH/TEA/DEAC solution was 
15 diluted with cyclohexane prior to charqinq to the 

reactor, and dihydroqen qas (Hz) (SO psiq) was added to 
the reactor prior to pressurizinq the reactor with 
ethylene. 

0.30 q (0.62 mmol) of CrEff:s (10.15% Cr) was 
20 combined with 0.12 ml (1.7~ mmole) of neat PyH in 10 ml 

of toluene. 1.7 ml of a 1 K (1~7 mmol) DEAC solution 
in hexanes was added and the_CrEll:J!PyH/DEAC solution was 
stirred for 5 minutes under dry nitroqen, at ambient 
temperature and pressure. 1.8 ml of .a 1.9 M (3.42 

25 mmol) TEA solution in toluene was added and the 
CrElf:s!PyH/DEAC/TEA solution was:stirred for 30 minutes 
under dry nitroqen, at ambient t~perature and 
pressure. The resultant dark brown solution was 
filtered and excess toluene and.·h~xanes were removed 

30 via vacuum strippinq, which re~~lted in 0.8 ml of a 
dark yellow/brown oil and was uf;~d as a catalyst 
system. Under a counterflow of·. '.~thylene, 0.4ml (15.2mq 
Cr; 0.29 llllllole Cr) of the catalyfllt system and 4.0 ml of 
nonane (reactor internal standar'cl> were charqed 

35 directly to the ·2 liter reactor at so·c., which 
contained 1.2 liters of cyclohexane. 50 psiq of 
dihydroqen {Hz) qas was charqed to the reactor, followed 
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by pressurization with ethylene to 550 psiq. Th~ 

reaction was run for 30 minutes with ethylene beinq fed 

on demand. 
The results are summarized below in Table 

5 XXIV. 

10 

" Run 2005 
In a 500 ml Schlenk flask~l.98 q (3.4 mmol) 

of CrPy3 ~11.1 wt. % Cr) was combined with 40 ml of 

toluene and 54 ml of a 1.9 M (102.6 Dllllol) TEA solution 

in toluene. The resultinq dark brown reaction mixture 

was stirred for 1 hour under dry nitroqen, at ambient 
temperature and pressure. Excess toluene was removed 

via vacuum strippinq, which resulted in 13 ml. of a dark 

yellow/brown oil and a small quantity of a liqht-

15 colored precipitate. The dark yellow/brown oil was 

separated, collected by syrinqe from the precipitate, 

and used as the catalyst system. 2.0 ml of the 

catalyst system was diluted with 27 ml. of cyclohexan~ 
and aqed for 3 days under dry nitroqen, at ambient 

20 temp~rature and pressure before usinq.~ 
Under a counterflow of ethylene, s.o ml 

(9.3mq; o.is mmole Cr) of the catalyst 
system/cyclohexane solution and 4.0 ml. of nonane 
(reactor internal standard) were charqed directiy to a 

25 2 liter autoclave reactor at so•c., which contained 1.2 

liters of cyclohexane. The reactor was then 

pressurized with ethylene to 550 ·psiq and the reaction 

was run for 30 minutes with ethylene being fed on 

demand. 
30 The results are summarized below in Table 

XXIV. 
Run 2006 

The procedure descri~ed in Run 2005 was 
· .. 

followed except less reactants were used and less aqinq 

35 time was used. 
In a.500 ml Schlenk flask 0.25 q (0.432 :mmol) 

of CrPy3 (11.1 wt. % Cr) was combined with 10 ml of 

·····.,, 
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tolue~e an~~3~4·m1 of a 1.9 H (6.46 mmol) TEA solution 
,,:.::::: 

in toluene •. ~he resulting dark brown.reaction mixture 
was stirred>tc:>r 30 minutes under··dry nitroqen, at 
ambientt.pE!rature and pressure. Excess tolue~e was 

5 removed vi~~--Vf:t.CU\µ11 stripping, wh~ch resulted in a dark 
• · .. :· ·:::_-.> ... " • • 

brown oil••>All of the dark brown· oil was diluted to a ····:_·.,-: .... 

total volUJ1e:ot 25 ml with cyclohexane, resulting in a 

solution qori.t~ininq 1.11 mq Cr/ml, which was used as 
the catalys1:, system. 

10 uli4er' a counterflow of ethylene, s.o ml (8.88 

mg; o .. ,171 iiJJloie Cr) of the catalyst system/cyclohexane 
. ' . 

solution an~:· 4. o ml of nonane (reactor internal 
standard) w~J;e charged directly tq' a 2 liter autoclave 
reactor at)·ao•c., which contained 1.2 liters of 

15 cyclohexanf!~ .. The reactor was then pressurized with 

ethylene tp\:5:·so psiq and the reaction was run for JO 

minutes wi~b/:~thylene being fed on demand. 

20 

'The results are summarized below in Table 
XXIV. 

Run 2001 

'~~procedure described in Run 2005 was 
followed ex~ept excess toluene was present in the 

trimeriza~~Qn reactor. 
In a 500 ml Schlenk fla!$k 1.98 q (3.4 mmol) 

25 of CrPy3 (i~·:l ·wt. % Cr) was co~ined with 40 ml of 
toluene anc:f .s4 ml of a 1.9 H c-io2.-6 mmol) TEA solution 
in toluen;/ .'·The resulting dark· brown reaction mixture 

: .. . ·. . 

was stin:.d::fQr 1 hour under dry nitroqen, at ambient 
temperat~e. :~hd.·'.::pressure. Exce~s toluene was removed 

3 o via vacuU. .:~1:rippinq, which res\11 ted in l.3 ·ml of a dark 
yellow/b~~,;~il'. and a small QA~ntity of a liqht­

colored Pi'~dip:i.~ate. The dark;.'Yellow/brown oil was 

separate~i<collected by syrinq.e' :from the precipitate, 

and used~s .th•·· ~~talyst syst~~ 2.0 ml of the 
·~ .·. . . . . . . .. ' .·. . 

35 catalyst:sys1;e1il was diluted with 27 ml of cyclohexane 
and aged. f~f,:;:J_.:days under dry nitrogen, ·at ambient 

temperature aiad pressure before usinq. 
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Under a counterflow of ethylene, 0.5 ml (8.5 

mq; 0.163 ~ole Cr) of the catalyst system/cyclohexane 
;_ :.='.: 

solution, 4·.s:.m1 of toluene, and 4.0 lRl. of nonane 

(reactor internal standard) were charqed directly to a 
. . ' . . 

5 2_liter aut;ogiave reactor at so·c;., which contained 1.2 

10 

• . ····· c. 
liters of cycl,ohexane. The reactor was then 

pressurized·~ith ethylene to 550 psfq and the reaction 

was run fo~ :j'.o minutes with ethylene· being fed on 

demand. 
The results are summarized below in Table 

XXIV. 
Run 2008 

o.28 q (0.802 mmol) of craca~ was combined 

with 0.17 ]ll/:(2.45 mmol) of neat pyrrole in 10 ml of 

15 toluene and:. stirred under dry nitrogen, at ambient 

temperature·a.nd pressure for 5 minutes. Then, 6.3 ml 

of a 1.9 H .(l2.0 mmol) TEA solution in toluene was 

added. The. resul tinq dark brown reaction mixture was 

stirred f~r-:3() minutes under dry nitroqen, at ambient 

20 temperaturejind pressure. Excess toluene was removed 

via vacuumstrippinq, which resulted in a dark 

yellow/bro~:"oil. All of the dark yellow/brown oil was 

diluted to a:vo.lume of 25 ml with cyclohexane, 

resulting in> .a solution containing ~. 0112q Cracacylml, 

25 which was~ta:ci as the catalyst system. 
Under a counterflow of ethylene, 7.0 ml (15.2 

lllCJI 0.293 maole Cr) Of the catalyst system/cyclohexane 

solution ~-4~0 ml _of nonane (reactor internal 

standard) w're.charged directly to a 2 liter autoclave 

30 reactor ·at .·ao•c., which contained 1.2 liters of 

cyclohexarie·~ •·. ·The reactor was then pressurized with 

ethylene to 550 psig and th~ reaction was run for 30 

minutes with·ethylene beinq fed on demand. 

-Theresults are summarized below in Table 

35 XXIV. 
Run 2009 

Tlie procedure described in Run 2008 was 
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followed except chromium (III) naphthenate was the 
chromil,llll source. 

0.33 q (0.508 mmol) of CrNap~ (8.0 wt. t Cr) 
was combined with 0.12 (1.73 mmol) of neat pyrrole in 

5 10 ml of toluene and stirred unde~ dry nitroqen at 
ambient temperature and pressure ~for 5 minutes. Then, 
4.6 ml of a 1.9 H (8.74 mmol) TEA solution in toluene 
was added. The resultinq dark brown· reaction mixture 
was stirred for 30 minutes under dry nitroqen, at 

10 ambient temperature and pressure. Excess toluene was 
removed via vacuum strippinq, which resulted in a dark 
yellow/brown oil. All of the dark yellow/brown oil was 
diluted to a total volume o~ 25 ml with cyclohexane, 
resultinq in a solution containinq 1.056 mq Cr/ml, 

15 which was used as the catalyst system. 
Under a counterflow of ethylene, 7.0 ml (7.39 

mq; 0.142 mmole Cr) of the catalyst system/cyclohexane 
solution and 4.0 ml of nonane (reactor internal 
standard) were charqed directly to a 2 liter autoclave 

20 reactor at 8o•c., which contained 1.2 liters of 
cyclohexane. The reactor was then pressurized with 
ethylene to 550 psiq and the reaction was run for 30 
minutes with ethylene beinq fed on demand. 

The results are sqmmarized below in Table 
25 XXIV. 

Run 2010 
The procedure described in Run 2008 was 

followed except the chromium (III) chloride was the 
chromium source. 

30 0.41 q (1.09 mmol) of: crcl3THF3 was combined 
with 0.23 ml (3.32.mmol) of nea~ pyrrole in 10 ml of 
toluene and stirred under dry nitroqen, at ambient 
temperature and pressure for 5 minutes. Then 8.6 ml of 
a 1.9 H (16.3 JDJ1ol) TEA solutio~ in toluene was added. 

35 The resultinq dark brown reaction mixture was stirred 
for 30 minutes under dry nitroqen, at ambient 
temperature and pressure. Excess toluene was removed 
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via vacuum strippinq, which resulted in a dark 
yellow/brown oil. 7.5 ml of non~ne was added to the 
dark yellow/brown oil and the resultant solution was 
diluted to a total volume of 25 ml with cyclohexane, 

5 resultinq in a·solution aontaininq o.0164 q .. 
crcl3THF3f'ml. The solution was filtered and the 
filtrate was used as the catalyst system. 

Under a counterflow of ethylene, s.o ml 
(11.38 mq; 0.2.19 mmole Cr) of the catalyst 

10 system/cyclohexane/nonane solution and 2.5 ml of nonane 
(reactor internal standard) were charqed directly to a 
2 liter autoclave reactor at 8o•c.,-which contained 1.2 
liters of cyclohexane. The reactor was then 
pressurized with ethylene to 550 psiq arid the reaction 

15 was run for 30 minutes with ethylene beinq fed on 
demand. 

20 

The results are summarized below in Table 
XXIV. 

Run 2011 

The procedure described in Run 2005 was 
followed except excess hexene was charqed to the 
trimerization reactor. 

In a 500 Jill. Schlenk flask, 1.98 q (3.4 mmol) 
of CrPy3_(11.1 wt.· t Cr) was combined with 40 ml of 

25 toluene and 54 ml of a 1.9 H (102.6 mmol) TEA solution 
in toluene. The resultinq dark brown reaction mixture 
was stirred for 1 hour under dry nitroqen, at ambient 
te11peratura and pressure. Excess toluene was removed 
via vacuwa strippinq, which resulted in 13 ml of a dark 

30 yellow/brown oil and a small quantity of a liqht­
colored precipitate. The dark yellow/brown oil was 
separated, collected by syrinqe from the precipitate, 
and used as the catalyst system. 2.0 ml of the 
catalyst system was diluted with 27 ml of cyclohexane 

35 and aqed for 3 days under dry nitroqen, at ambient 
temperature and pressure before using. 

Under a counterflow of ethylene, 1.0 ml (16.9 
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mq: 0.325 mmole Cr) of the catalyst system/cyclohexane 

solution, 55 ml of 1-hexene, and 4.0 ml of_nonane 

(reactor internal standard) were charqed directly to a 

2 liter autoclave reactor at so·c., which contained 1.2 

5 liters of cyclohexane. The reactqr was then 

pressurized w-ith ethylene to 550 \>siq and the reaction 

was run for 30 minutes with ethylene. beinq fed on 

demand. 
The results are summa~ized below in Table 

10 XXIV. 
Run 2012 

; The procedure described in Run 2005 was 

followed·except chromium (II) pyrrolide (Compound I) 

was the chromium source. 
15 0.30 q (about 0.85 mmol) of Compound I 

(CrPy10THF4) was combined with 10 ml of toluene and 6. 7 

ml of a 1.9 H (12.7 mmol) TEA solution in toluene. The 

resulting dark brown reaction mixture was stirred for 

30 minutes under dry nitroqen, at ambient temperature 

20 .... and pressure. Excess toluene was removed via vacuum 

strippinq, which resulted in a dark yellow/brown oil 

and a small quantity of a liqht-colored precipitate. 

Th~ dark yellow/brown oil was filtered and the filtrate 

.was diluted to a total volume of 25 ml with 

25 cyclohexane, resulting in a solution containing 0.012 g 

Compound I (CrPy10THF4), which was used as the catalyst 

system. 
Under a counterflow.of ethylene, 7.0 ml of 

the catalyst systemjcyclohexane solution and 4.0 ml of 

30 nonane (reactor internal stand~rd) were charged 

directly to a 2 liter aut0clave reactor at so•c., which 

contained 1.2 liters ot cyclohexane. The reactor was 

then pressurized with ethylene to 550 psig and the 

reaction was run for 30 minutes with ethylene being fed 

JS on demand. 
The results are summarized below in Table 

XXIV. 
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Table XXIV 

s;n:ta.l!l:t Sigtems Hitb s21vent Bemovsal 
Acti-

mg Cr Molar vity 
(Ele- Ratio (cj pro- Total Liquid Product Distribution 

mental) Cr: Py: duct/ Product Wt~ % Wt. t !~iaht fei;:cen:t 

.BYD·· 911arqed TQ:DBAC g '<¢;rthr) J[ield. g Liquid Solid. ~· J,-C= kfi!! ~ k1of: ~1z!: k1t.= 6 

. · .. ·,·. 

1:3:.9:0 >~~0·66 3~·.5 ···• 1{ 26 9 
.. 

:2001 15.2 
53·· 2 9 ·9 5 4 

2002 9.3 1:7:15.5:• 6,000 23.2 95 5 <l 88 4 2 3 <1 <1 

2003 9.2 1:3:15:3 8,300 38.5 88 12 <l 86 3 2 5 <1 <1 

2004 15.2 ·1:3:6:3 4,900 37.0 96 4 <1 91 2 2 3 <1 <l 
,j:>. 

I-' 

2005 7.5 1:3:30:0 10,600 40.0 98 2 <1 82 9 1 7 <1 <1 

2006 7.2 1:3:15:0 10,800 38.9 97 3 <l 81 5 3 7 <l 1 

2007 6.8 1:3:30:0 1,100 3.2 94 6 4 84 6 1 4 ·"-<1. <l. 
.. , 

2008 11.8 1:3:15:0 17,000 98.9 95 5 <1 84 5 1 6 <l <1 

2009 7.4 1:3:15:0 15,700 57.8 72 28 <1 88 2 2 5 <1 <l 

2010 11.4 1:3:15:0 8,000 45.3 98 2 <1 88 4 1 5 <1 <l 

2011 13.7 1:30:0:0 4,600 31.3 - - <l 76 11 1 10 <1 

1 

2012 10.0 1:2:18.5:0 8,80~ 44.1 99 1 <l 77 9 1 11 <l l 
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Example rrr 
Run 3001 

0.21g (0.601 mmol) of Craca~ was combined 

with 0.12 ml (1.73 mmol) of neat pyrrole and 15 ml of 

5 toluene. The resulting s.olution ~as stirred under dry 

nitrogen, at ambient temperature ind pressure for 5 

minutes. Then, 6.0 ml_ of a 1.9 H (~~.4 mmol) TEA · 

solution in toluene was-added. The resulting dark 

brown reaction mixture was stirred for 5 minutes under 

10 dry nitrogen, at ambient temperature and pressure. 

Then,_ 2.0 g of an aluminophosphate support (0.4 P/A1 

molar~ratio, activated at 1oo·c.), prepared in 

~ccor~ance with U.S. 4,364,855 (1982), herein 

incorporated by reference, was added and the resulting 

15 slurry stirred for a period of approximately 12 hours. 

The product was collected by filtration, rinsed at 

least twice with 10 ml aliquots of toluene and pentane, 

until no color was observed in the filtrate and vacuum 

dried. The dried product was used as solid supported· 

2.0 catalyst system. 
A 2.1022 g aliquot of the solid catalyst 

system was added under a counterflow of ethylene to a 2 
. . 

liter autoclave containing l liter of isobutane. Prior 

to th~ catalyst charge, 0.25 ml of a 16.5 wtt TEA 

25 solution in nonane was added to the reactor, in order 

to neutralize any ethylene feedstock poisons that might 

be present. The reactor was sea:l-ed and ethylene 

addition was stopped until the r~actor temperature 

reached the desired run temperature, for example go•c. 
30 The ethylene pressure was then increased to a total 

reactor pressure of 550 psig. Ethylene was fed on 

demand for a 30 minute run time. At the end of the 

run, a sample of the liquid reaction product mixture 
. . 

was collected and analyzed via 9as chromatoqraphy. 

35 The remaining reaction mixture was evaporated and the 

amount of solid pr~uct was determined. 

The results are summarized in Table xxv. 
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Run 3002 

Thf!.procedure described in Run 3001 was 
followed exbept: diethylaluminum·chloride was added to 
the Cracaeyl't>lr~-solution along with the TEA prior to the 

5 aiuminophosp~at:e inorganic oxide addition. 
. · .. · · .. : . " 

10 

15 

O~:~l g Craca~ (0.60 mmol) was weighed into a 
JO ml screw~capped vial. 0.12 ml of PyH (1.73 mmol) 
and 15 ml, of'.:,:t:oluene we·re added, and the resulting 
solution was':".papped and stirred for 5 minutes. Then, ... :· .. ···· .. 

with continue~ stirring, 6 ml of a 1.9 Ji (11.4: mmol) 
TEA solutiorl°)in toluene was added. After the 

,:: .. 

craca~PyH/TEA sqlution was stirred for 5 minutes, 2.4 
ml of a l HO::J~.4 mmol) DEAC solution in hexanes was 
added and· ~e·craca~PyH/TEA/DEAC/toluene soiution wa~ 
stirred for:,5:minutes. 2.0 g of an ·a1uminophosphate 
support (0~·4.:;P/Al molar ratio, activated at 7oo•c.), 
prepared in ~ecordance with u.s. 4,364,855 (1982), 
herein incotj;)orated by reference, was added and the 
resultinq s~urry stirred for a period of approximately_; 

20 12 hours. ·T:tl.aproduct was collected by 'filtration and 
rinsed with":~t least two 10 ml aliquots of toluene and 
p~ntane, W:itll: no color was observed in the filtrate, 
and vacuum.#ried. The dried product was used as a 
solid, supj>(:»i;ted catalyst system~-

·25 ~-;_Q.5048 g aliquot of the solid catalyst 
system was8.dcieci under a counterflow of ethylene to a 2 
liter au~o~l.~ye containinq 1 liter of isobutane. Prior 
to the catalyst charge, 3.0 ml of a 1.6 wtt TEA 
solution· in\·nqnane was added in order to neutralize any 

30 ethylene f~~d~tock poisons that.;might be present. The 
.reactor wa_~·:sealed and ethylene addition stopped until 
the reactoi:' temperature reached the desired run 
temperaturet::for example 9o·c. The ethylene pressure., 

35 

was increased to a total 
Ethylene w~~ th.en fed on 
time. At· th~.; end of the 

reactor pressure of 550 psig. · ... 

liquid 

demand for a 30 minutes run 
run, a small sample of the 

re~~~~i.o~ product mixture was collected and 
·_;:·:,.· 

-~ ... t 

\. 
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analyzed via qas chromatoqraphy. The remaininq 
reaction mixture was evaporated and the· amount of solid 
product determined. Ethylene consumption was 
determined by a calibrated flow meter. 

5 The results are summariied below in Table 
xxv. 

Run 3003· ';. 
The procedure· described in' Run 3002 was 

followed except Cr~ was the chromium source and no 
10 aromatic solvent was used durinq catalyst system 

preparation. Also, a supported.catalyst system was 
prepared in-situ in the reactor. 

A CrElf:s,IPyH solution was prepared by:mixinq 
0.33 q (0.69 mmole) Cr~ with 0.26 ml (3.75 mmole) PyB 

15 in 16 ml of pentane and aqinq for 4 days under dry 
nitroqen, at ambient temperature and pressure, prior to 
usage. 0.49 g of an aluminophosphate support (0.9 P/Al 
molar ratio, activated at 1oo•c.), prepared in 
accordance with U.S. 4,364,855 (1982), herein 

20 incorporated py reference, and 2.0 ml of a 1 H c2~0 
mmol) TEA solution in hexanes were charqed under a 
counterflow of ethylene to a 2 liter autoclave reactor 
at ambient temperature. Then, 1 liter of cyclohexane, 
2.1 ml (4.32mq; 0.083 mmole Cr) of the CrE~PyH 

25 solution, and -50 psiq dihydrogen qas CHz) were charged 
to the reactor. 

The results are summarized below in Table 
xxv. 



Grams Molar 
Catalsyt Ratio 
system cr:Py: 

B!ln Charged TEA;QEAC 

3001 2 .102·2 

3002 0.5048 1:3:19:4 

Table XXV 

Activity 
(q prod/q Total 
catalyst/ Product Wt. t wt. t­

hrl Yield. g Liquid Solid 

2io 223 82 18 

340 87 99 1 

3003 0.04268 1:5.5:22.6:0 450 224 88 12 

Liquid Product Distribution, 
Weiaht Percent 

~ 1-s;= ~ .ca= ~,~ ~,z= ~14= 

1 76. 7 2 11 1 2 

1 82 7 1 8 . <1 1 

6 61 6 5 13 2 3 

a) Grams of only Cr(EHh .charqed: mass of other c·atalyst system components are excluded. 

~. 

~' 

•) 

.s:a. 
U1 

•· 
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Example IV 
Run· 4001 

3.5 g (10 mmol) craca~ was weiqhed into a 100 

ml pressure tube. A stir bar was placed in the tube 
5 and the tube was capped with a ·sel.f sealing crown cap. 

t; 
40 ml toluene and 2.1 ml (30 mmol) PyH were added via 
syrinqe. 12 ml of a 2.5 H (30.0 mmol) n-butyl lithium 
solution in hexanes was· slowly added~ A precipitate 
was formed, collected, and washed with one 10 ml 

10 aliquot of toluene and two 10 ml aliquots of 
cyclohexane, until no color was observed in the wash 
solution. A total of 5.59 q solid was obtained. 0.5 

ml of a 1.1 H: (0.55 mmol) TEA solution in heptane and a, 
slurry of 38 mq of the solid and cyclohexane were used 

15 in a reaction under the conditions described in 
Run 1001. 

The results are sUD1JDarized below in Table 
XXVI. 

Example 4002 
20 The procedure described in Run 4001 was 

followed except the solid catalyst component (88 mq 
collected) was prepared in a 25 ml pressure tube usinq 
0.349 q (1 :mmol) craca~, 5 ml toluene, 0.14 ml (2 mmol) 
PyH, .and 0.8 ml of a 2.5 K (2.0 mmol) n-butyl lithium 

25 solution in hexane. 

30 

o.s ml of a 1.1 K (0.55 mmol) TEA solution in · 
heptanes and a cyclohexane slurry containinq 16 mq of 
the solid were used in a reaction under the conditions 
described in Run 1001. 

The results are sUDIDlar'ized below in Table 
XXVI. 

Run 40QJ···· 

1.0 g of aluminophosp~ate support (0.4 P/Al 
molar ratio, activated 1oo•c.), prepared in accordance 

35 with U.S. 4,364,855 (1982), herein incorporated by 
reference, and an 93 mq aliquot of the solid described 
in Run 4001, were weighed into a 25 ml pressure tube. 
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The tube was capped. 5 ml toluene and 3 ml of a 1.9 M 

(5.7 mmol) TEA solution in toluene were added to the 

tube via syrinqe. The resultinq slurry was aqitated 

for one day. The solid was isolated and washed with 10 

5 ml aliquots of toluene and cyclohexane until no color 
. ~ 

was observed in the wash solution~ 

0.5 ml of a 1.1 H (0.55 nuiol) TEA solution in 

heptanes and a cyclohexane slurry containinq 80 mq of 

the solid were used in a reaction under the conditions 

10 described in Run 1001. 

The results are summarized below in Table 

XXVI. 
Run 4004 

0.1 q of aluminophosphate support (0.4 P/Al 

15 molar ratio, activated at 1oo•c.), prepared in 

accordance with u.s. 4,364,855 (1982), herein 

incorporated by reference, and an aliquot (53 mq) of 

the solid describ~d in Run 4002 were weiqhed into a 25 

ml pressure tube. The tube was capped. ·J.5 ml toluene 

20 and·2 ml of a 1.9 H (3.8 mmol) TEA solution in toluene 

were added to the tube via syringe. The resultinq 

slurry was aqitated for one day. The solid was 

isolated and washed with 10 ml aliquots of toluene and 

cyclohex~ne until no color was observed in the wash 

25 solution. 

30 

0.5 ml of a 1.1 H (0.55 mmol) TEA solution in 

heptane and a cyclohexane slurry containinq 78 mq of 

the solid were used in a reaction under the conditions 

as described in Run 1001. 

The results are summarized below in Table 

XXVI. 



.. • 

Table XXVI 

Lithium-Alkyls in catalyst Preparation 

Activity 
~ 

Grams (g prod/ Total Liquid Product Distribution, 

Catalyst g Cat/ Product wt. t wt. t Heigb:t fe;r.:c~nt 

&m Qiarged hr) Yield. g Liquid Solid ~ l-C= 6=· ~ ~ £,o=, £,~ £,,.:: 

4001 0.038 95 l.8 86 14 4 81 5 3 4 <1 <1 

4002 0.016 540 4.3 82 18 3 83 5 3 4 <1 <1 

4003 0.080 110 4.3 . 89 11 l 79 5 3 5 2 1 
I 

4004 0.078 310 12.2 84 16 l 78 6 2 8 1 1 ~ 
CX> 

. ,,. -
.. ~ 
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Example V 
Run 5001 

0.17 q chromium (III) 2,2,6,6-tetramethyl-
3,5-heptanedionate (Cr(III)TMHD) (0.28 mmol) was 

5 weiqhed into a 25 ml pressure tube. The tube was 
" capped with a self sealinq crown cap. 0.06ml of 
. r,. 

pyrrole (0.89 :mmol) and 0.17 ml of n~at (0.87 mmol) 
diisobutylaluminum chloride (DiBAlCl_) were added via 
syrinqe to form a Cr(III) __ !MHD/DiBAlCl/Py solution, 

10 which was diluted to a total volume of about 8 ml with 
cyclohexane. 0.25 ml of a 1.1 H (0.28 mmol) TEA 
solution in heptane and 0.75 ml of the 
Cr(III)TMHD/DiBAlCl/Py solution were added to a qlass 
bottle containinq 100 ml of cyclohexane and 10 q of 

15 butadiene. The qlass bottle was_placed in a controlled 
temperature bath at 7~·c., at ambient pressure, and 
aqitated for a period of 16 hours. After 16 hours, a 
small sample of the liquid reaction product mixture was 
collected and analyzed via qas chromatoqraphy. The 

20 remaininq liquid reaction product mixture was 
evaporated and the amount of solid product was 
determined. 

25 

The results are summarized below in Table 
XXVII. 

Run 5002 
The procedure describe~ in Run 5001 was 

followed except no excess alJtYl aluminum compound was 
present in the reactor and the catalyst was derived 
usinq the procedure described in Run 3001, as follows. 

30 0.21 q (0.601 mmol) of; Craca~ was combined 
with 0.12 ml (1.73 :mmol) of neat·pyrrole and 15 ml of 
toluene. The resultinq solution: was stirred under dry 
nitroqen, at ambient temperatu~e: and pressure for 5 

minutes. Then, 6.0 ml of a 1.9 H (11.4 mmol) TEA 
35 solution in toluene was added. The resultinq dark 

brown reaction mixture was stirred for 5 minutes under 
dry nitroqen, at ambient temperature and pressure. 
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Then, 2.0 g of an aluminophosphate support (0.4 P/Al 
m~lar ratio, activated at 1oo·c.) prepared_ in 
accordance with u.s. 4,364,855 (1982), herein 
incorporated by reference, was added and the-resulting 

5 slurry stirred for a period of approximately 12 hours. 
The product was collected by filt~ation, rinsed at 
least twice with 10 mL aliquots of toluene and pentane, 
until no color was observed in the filtrate and vacuum 
dried. The dried product was used as a solid, 

10 supported catalyst system. 

15 

20 

A 0.28 g catalyst charge was used in the 
butadiene reaction. 

The results are summarized below in Table 
XXVII. 

Table XXVII 
Bµtadiene Reaction 

BYn % Butadiene 
Conversion Distribution of Erodµcts, Weight % 
to Products 1.5-cyclooctadiene Otber Liquids Solid 

5001 97 91.9 0.3 7.8 

5002 68 60.8 2.s 36.7 

Example VI 
In the following Runs, all catalyst ·systems 

25 were prepared in a glove box, under dry nitrogen at 
ambient temperature and pressure. Transition metal 
coapounds were weighed and combined with three (3) 
equivalents, (0.062). ml, pyrrole1 2 ml cyclohexane, as 
a solvent; and 6 ml of a 1.1 K solution of 

30 triethylaluminum (TEA) in heptane. The resulting 
product was shaken for times ranging from s minutes to 
16 hours. 

All runs were carri~ out in a 1 liter 
autoclave reactor containing 3_00 ml cyclohexane. l. o 

35 ml of the liquid catalyst systems were diluted in 
cyclohexane and were added to the reactor under a 
counterflow of ethylene (CP grade). The reactor was 
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sealed and ethylene addition stopped until the reactor 
. . 

temperature reached a reaction temperature· of so·c. 
The ethylene pressure was increased to a total reactor 

pressure of 550 psiq. Ethylene was fed on demand for a 

5 30 minute rtm time. If necessary,• heat was applied to 
" maintain a reac:;:tor temperature of ao·c. 

At the end of each run, a ~ample of the 

liquid reaction product mixture was taken and analyzed 

via capillary qas chromatography, on a HP-5880 qas 

10 chromatoqraph equipped with an FID detector and a 60 

meter DB-1 column, with a 0.25 mm ID and a 0.25µ film. 

The qas chroma~ograph was ramped from 4o•c. to 21s•c. 

at a rate of io·c./min, with a 20 minute hold time. 

cyclohexane was use~ as an internal standard. The 

15 remaininq reaction product mixture was evaporated and 

the amount of solid product produced ·wa~ determined. 

The results are qiven in Table XXVIII. 

I 
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I!hl! DVIII 

Cata-
Graaa, lyst Activity, Liquid 
Hetal Sys tea Graas Ca product/ Graas, Weight Weight Product Distribution, 

Metal Coa- Appear .. . Catalyst g catalyst/ total Percent Percent Weight Percent 
I!!! Coapound pound ance Charged hr.) ~ Liquid ~ £-:: ic1 =. £1 :: .Q,:: £11!: 

dark 
brown 
solution 
soae 

6001 Ni(acac)a 0.075 solids 0.0094 324 1.52 95;4 4.6 4 65 4 7 9 

dark 
brown 

6002 Ni"(napth)a 0.285 solution 0.0356 8 0.14 29.S 10.s 74 0 0 4 0 
U1 
N brown 

solution, 
dark 

6003 Co(acac) 2 0.075 solid 0.0094 59 0.28 78.S 21.5 71 13 0 11 1 .,. . 
brown .. 

..~ 

green 
6004 Hn(acac) 2 0.073 solution 0.0091 18 0.08 .27. 7 72.3 54 0 0 6 0 

brown 
6005 Hn(acac)1 0.102 ·solution 0.0128 12 0.08 23.7 76.3 50 0 0 0 0 

dark 
green 

6006 Cu(acac)a 0.076 solution 0.0095 97 0.46 89.2 10.8 5 0 0 0 0 



•. 
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Table XXVIII Cont • .. 

Cata-
Gra•a, lyst Activity. _Liquid 
Metal Sys tea Gra•s Ca product/ Graas 1 Weight Weight Product Distribution. 

Metal Coa• Appear- Catalyst g catalyst/ total Percent Percent Weight Percent 
!!!!! Co a pound pound ance Charged hr.) ~ Liguid ~ Q,.:: .!£,:: £.:: £1:: £u:: 

green/ 
red 
solution 

: U1 soae w 
6001 Ho0 2 (acac) 2 0.095 solid 0.0119 16 0.10 47.7 52.3 41 0 0 34 5 

6008 TiO(acac)z 0.075 - 0.0094 222 1.04 71.2 28.8 11 48 7 8 20 

6009 YO(acac)a 0.077 - 0.0096 us, 0.56 56.8 43.2 .15 so )_3 16 2 

6010 Zr(acac) 1 0.141 - 0.0176 ·29 0.26 26.8 73.2 0 'Ill 0 44 4 
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The data in Table XXVIII show that other 
metal compounds can trimerize, oliqomerize_, and/or 
polymerize 1~olefins. Of these metal compounds, 
Ni(acac) 2, Run 6001, showed the best activity and 

5 selectivity toward trimerfzation., 
Example vri-

In the following Example, ''Runs 7001-7005 
demonstrate the effect of hydrolyzing the metal.alkyl 
prior to use and the effect of the presence and absence 

10 of a pyrrole-containinq compound. Runs 7006-7009 
compared to Runs 7010-7013 demonstrate the effect of 
preparation of a catalyst system in an unsaturated 
hydrocarbon. 

Runs 7001-7005 
15 In Runs 7001-7005, the molar ratio of 

elemental chromium to·elemental aluminum to liqand 
(Cr:Al:L), the catalyst components added to the reactor 
are 1:30:10. In Runs 7001-7003,· the chromium compound 
was Cr(EH) 3 and the chromium compound in Runs 7004 arid 

20 7005 was··. Cr(Py) 3 • The aluminum compound was 
triisobutylaluminum (Al(i-Bu) 3) and was treated in the 
followinq manner. To an approximately ten percent~ by 
weight, solution of triisobutylaluminum in heptane was 
added l.O mole equivalent of distilled water, steadily, 

25 but in one batch, while coolinq the flask containinq 
the solution with ice water to maintain a temperature 
of about 10 to about 2o•c. The ·solution was stirred 
viqorously during and after.water addition and 

continu~d until no further gas evolution was observed. 
JO The ligand was dimethoxyethane (DME). 

Runs 7001~7005 were.carried out in a 2 liter 
autoclave reactor. The chromium compound was dissolved 
in 400-500 ml anhydrous n-heptane and added to the 
reactor, under a dry ni troqen p\lrqe. Then the 

35 appropriate volume of a stirred, treated 0.31 K 
solution of i-Al(Bu) 3 in heptane, as described above, 
was added. Then, the appropriate volume of DME was 
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added, alonci;with 5 ml of nonane (rector internal 
. .,, ... ·r . 

standard) • · The'· reactor was sealed and brouqht to a 
temperature:~~ ao•c. in Run 7001.and 95•c. in Runs 
7·002-7005 and· a pressure of 550 psiq with ethylene. 

5 Ethylene wai;>;fed on demand for a i-un time of 25 minutes 
' '., -.. .. 

in Run 1001,')o_ minutes in Run 7002 and 45 minutes in 
Runs 7003-7005. · '" 

At'the end of ·each run, a sample of the 
liquid react:ion product mixture was taken and analyzed 

10 via capillary. c;ras chromatoqraphy,·on a HP-5800 qas 
chromatoqrapll •quipped with an FJ:D de~ector and a 60 

:: .. · ·.· 

meter DB-1 c(:>l~, with a 0.25 mm. J:D and a 0.25µ film. 
The qas chrol1latoqraph was ramped from 4o·c. to 275•c. 
at a rate of:lo•c./min, with a 20 minute hold time. 

15 The remainin<J.reaction product mixture was evaporated 
and the amou#t:of solid product produced was 
determined. 

The· .catalyst systems ·used in Runs 7006-7013 
were prepared.·~~cordinq to the followinq procedures. 

20 Catalyst :._syst:-~ in Runs 7006-7009 were prepared in the 

presence .. of :t.oluene, an unsaturated aromatic 
hydrocarbon~' ··catalyst systems in Runs 7010-7013 were 
prepared in'tbepresence of 1-hexene, an unsaturated 
aliphatic hydrocarbon. 

25 Run 7006 
3.72 q of [Na(DME) 2) [CrCl(Py) 3DME] was 

combined wi.th: 50 ml toluene. SU>wly, 26.4 ml of neat 
(93%) TEA .was -dded and stirred'' for 30 minutes. The 
slurry tum·~ d~rk brown. Exce$s sol vent was removed 

30 by vacuum:,; tesultinq in a dark. yellowish/br·own oil .and 
solid. About 70 ml cyclohexane'Was added. The 

' ' 

resultant.product was filtered and the filtrate was 
diluted to·200 ml with cyclohexahe and 8.0 ml were 
charged to.tjle_ reactor. The pJ:'.()duct contained 1.67 mq 

35 Cr/ml. 
Run 7007 

O~Js.:q of chromium(III) ethylhexanoate (CrE~) 
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was combined with about 15 ml of toluene, forming a 

deep green solution. 0.22 ml of 2,5-dimethylpyrrole 

(2,5-DMP) and 0.20 ml of 1-bromobutane were added. 

Slowly, 5.7 ml of 1.9 H TEA solution in toluene was 

5 added and stirred for 30 minutes to give a greenish, 
t 

brown solution and a solid. Excess solvent was removed 

by vacuum and the liquid was extractid into about 15 ml 

cyclohexane. The resultant product was filtered and 

the filtrate was diluted to 25 ml with cyclohexane to 

10 form a golden colored solution, of which 7.0 m1 were 

charged to the reactor. The product contained 0.014 g 

CrEHy'ml. 
Run 7008 

The procedure described in Run 7007 was 

15 followed, except o.22q Cr~ and 0.13 ml of 2,5-DMP were 

used. Furthermore, 0.10 ml of GeC14 were substituted 

for the 1-bromobutane. 3.4 ml of 1.9 H TEA solution in 

toluene was added to qive a brown to brown/yellow 

solution and a precipitate. The final product after 

20 filtration and dilution to 25 ml with cyclohexane, was 

a bright gold-yellow color and contained o.oossq 

CrEHy'ml. 3.0 ml were charqed to the reactor. 
Run 7009 

2.010 q of CrPy3Cl was added to 70 ml toluene 

25 and 62 ml of 1.9 H TEA solution in toluene, mixed and 

filtered. The filtrate volume was reduced to about 20 

ml by a dynamic vacuum. The viscous brown solution was 

filtered aqain. Then, about 30 :l!ll of pentane was added 

to the filtrate. After about one day, the solut~on was 

30 vacuum stripped of excess solvent. Then 38 .• 1 q of 

alumina-phosphate (P/Al molar ratio of 0.9, activation 

at 1oo•c.), prepared in accordance with u.s. 4,364,855 

were _added. The slurry was stirred about 30 hours. 

The solid was collected by filtration and washed 

35 separately with toluene, cyclohexane and pentane. 

0.4388 q of the solid catalyst system were charqed to 

the reactor. 
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Run 7010 
0.21 g of (Na(DME) 2] [CrCl(Py) 3DM:E] was 

combined with about 15 ml 1-hexene. Slowly, 0.75 ml of 
neat (93%) TEA was added, forminq a brown solution and 

5 a sticky-looking precipitate, and,stirred for 30 
minutes. Ex6•ss solvent was remo~ed by vacuum. The 
residue was :.extracted into about 15 ml cyclohexane, 
filtered and<the filtrate was diluted. to 25 ml with 

...... 

cyclohexane •<: 8. o ml ( o. 067 g) were charged to the 
10 reactor. 

Run 7011 
T}leprocedure described in Run 7010 was 

followed, e~cept the.final catalyst system, in 
cyclohexane,<:was aqed for about 24 hours prior to use. 

15 8.0 ml (0.0~7 q) were charCJed to the reactor • 
. '·'·; 

Run 7012 
o •: ~.6 CJ of er~ was dissolved in about 15 ml 

1-hexene. tr. is ml of 2, 5-DMP and o .13 ml of 1-

bromobutane:~ere added. Slowly, 1.0 ml of neat (93%) 
20· TEA was added and stirred for 30 minutes. Excess 

.· .. 

solvent was removed by vacuum and the liquid was 
extracted i_nto ·about 15 ml cyclohexane. The resultant 
product wa~::·~il,;tered and the filtrate was diluted to 25 
ml with cyc~oh~ane. 7. o ml were charqed to the 

25 reactor.· 
Run 7013 

o.~21 q [Na(DME) 2] [CrCl(Py) 3DME] was combined 
with about .15 •1 1-hexane. Slowly, 1.0 ml of neat 
(93%) TEA was .added, forminq a dark brown solution and 

30 precipitate,·· arid stirred for about 1 ~our. ·.The 
solution was decanted off and added to 1.5 CJ Of 
alum.inophosphate (P/Al molar ratio of 0.4, activation 
at 1oo·c.), ·pr~pared in accordance with u.s. 4,364,855, 

35 

were added. \ 
Tlie ~upported catalyst system was collected 

by filtration, washed with 1-hexene and dried under a 
.. .-:- . . 

nitroqen purge. 0.6328 q of the solid catalyst system 
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were charqed to the reactor. 
Runs 7006-7013 were carried out in a 1.2 

liter autoclave reactor, containinq cyclohexane. The 
heterogeneous, dried, supported catalyst. systems (Runs 

5 7009 and 7013) were slurried in cyclohexane to 
facilitate addition to the polyme~ization reactor, and 

.· were added to the polymerization reactor under a 
counterfl~w of ethylene·(CP qrade). 'The homoqeneous, 
liquid, unsupported catalyst systems (Runs 7006-7008 

10 and 7010-7012) were diluted in cylcohexane and were 
added to the polymerization reactor under a counter-
flow of ethylene (CP qrade). The reactor was sealed • 
and ethylene addition stopped until the reactor 
temperatur~ reached a reaction temperature of so•c. 

15 The ethylene pressure was increased to a total reactor 
pressure of 550 psiq. Ethylene was then fed on demand 
for a 30 minute run time. At the end of the run, a 
sample of the liquid reaction product mixture was taken 
and analyzed via capillary qas chromatoqraphy, on a HP-

20 5880 qas chromatoqraph equipped with an FID det~ctor. 
The column was a 60 meter DB-1 column with a ·0.25 mm ID 
and a 0.25µ film. The qas chromatoqraph was ramped 
from 4o•c. to 21s·c. at a rate of io•c./min, with a 20 
minute hold time. The remaininq reaction product 

25 mixture was evaporated and the amount of solid product 
produced was determined. 

The results of the reactions are in Table 
XXIX, below. 
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Table XXIX 

Liquid 
•& Cr ~ctivity, Gra•s, Weight Weight Molar Product Distribution, 

Catalyst (ele•ental) g product/ Total Percent Percent Ratios WeiJtht Percent 
I!!! Sxste• Charged g Cr/hr Products Liquid Solid Cr/N/Al/L(a) £,:: .!:Q,:: Q.:: £.:: £u:: 

7001 Cr(EH)a, 
DB, i-
Al(Bu)a/ 
ff 10 37.6 430 6.8 47 53 1/~/30/10 1 94 <1 4 <l 

7002(b) Cr(EH) 1, 
DKE, i-
Al(Bu) 1/ 
ff 10 37.6 3,100 59.1 16 84 1/0/30/10 1 94 1 1 2 

7003 Cr(EH) 1, 
DME, i-

U1 
Al(Bu) 1/ l.O 

H1 0 13.2 4,000 39.7 64 36 1/0/30/10 l 95 <l 2 l 

7004 Cr(Py)a (c) 
DKE, i-
Al(Bu)1/ 
H10 13.5 830 . 8.3 87 13 1/0/30/10 1 83 6 ·f. 7 

Cr(Pyh (c) ~' 7005 
DKE, i-
Al(Bu) 1/ 
H20 38.7 520 15.0 76 24 1/0/30/10 2 80 4 2 6 

7006 CrCl(Py),, 
DME, TEA 13.5 7,800 52.6 99.4 0.6 1/3/30/0 <l 82 10 1 7 

7007 Cr(EH) 1 , 

25 DMP, 
TEA, 
n-BuBr 9.9 25,300 126.8 99.2 0.8 1/3/15/2.S <1 92 2 <l 5 
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Table XXIX Cont. 
Liquid 

ag Cr Activity, Gr~•s, Weight Weight Kolar Product Distribution, 
Catalyst (eleaental) g product/ Total Percent Percent Ratios Weight Percent 

Run Sys tea Charged g Crlbr Products Liquid Solid Cr/NlAl/L(a) £,.:: ~-= ~-= £1:: £:u:! 

7008 Cr(EH) 1 , 

25 DKP 1 

TEA. 
Geel,. 2.7 66,400 87.7 99.9 0.1 1/3/15/2.5 <1 98 <1 <1 <1 

7009 CrCl(Py) 1 , 

DHE, 
69d 0.9 P/Al 0.397g 14.0 97.1 2.9 1/3/30/0 <l 87 7 1 3 

Catalyst 

7010 CrCl(Py)a, 
DHE, TEA 6 5,200 16.3 96.3 3.7 1/3/15/0 16 SS 2 12 8 

0\ 
7011 CrCl(Py) 11 0 

J)HE, TEA 6 5,070 15.9 96.2 3.8 
0

1/3/lS/O lS SS 2 12 8 

7012 Cr(EH) 1 , 

2,5 DMP, 
TEA, 
n-BuBr ·1.4 10,200 38.9 96.7 3.3 1/3/15/0 3 74 ~· 2 12 

~~ 

7013 CrCl(Py)a, 
DHE, TEA, 

34d 0.4 P/Al 0.6328g 19.0 56.8 43.2 1/3/15/2.5 9 45 3 10 10 
C~talyat 

a) N is nitrogen containing coapound, i.e., pyrrole-containing compound; Lis ligand. 
b) Reactor plugged with solids. 
c) CrCl(Py) 1 is equivalentr to Cr(Py) 2 , both of which are 

(Na(Dtt!) 2 ) (CrCl(Py),DKE). 
i d) Activity ia in units of g product/g·catalyst/hr. 
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The data in Table XXIX shows that the 
presence of water (Runs 7001-7005) ·is detrimental to 
the formation of liquids, such as for example, 1-
hexene. In fact, water in the reactor results in hiqh 

s solids formation. 
I 

Runs 7006-7013 show tha£ catalyst systems 
prepared in the presence of any unsa-t:urated hydrocarbon 
are effective toward trimerization• ·uowever, 
coapariso~ of Runs 7006-7009, prepared in toluene, with 

10 Runs 7010-7013, prepared in 1-hexene, show that an 
unsaturated aromatic hydrocarbon is the pre~erred 
catalyst system preparation medium. 

Example VIII 
The followinq Example,. Runs 8001-8017, 

15 demonstrates the effect of vai:yinq the pyrrole 
compound, haloqen, and metal additive used. 

catalyst systems used in Runs 8001-8017 were 
all prepared in the same qeneral procedure. In a 
typical preparation, chromium{III) 2-ethylhexanoate was 

20 dissolved in toluene. Next, 3 equivalents of 2,s­
dimethylpyrrole (or .hydroqen pyrrolide for Runs 8014-
8017) was added to the solution. The desired amount of 
halide additive (2 to 3 molar equivalents) was then 
added, followed by 15 molar equivalents of 

25 triethylaluminum (TEA) • The reac::tion mixture was. 
stirred for 5-10 minutes and tol.uene was remov~d under 
vacuum. The liquid residue was diluted to a total 
volume of 10 ml with cyclohexan4l:ilnd an aliquot was 
charqed to the reactor as the Cilt~lyst system. 

30 The trimerization reac::~ion runs were carried 
out in a 2-liter autoclave pol~erization reactor 
containinq 1.2 liters of sst cy(:i6hexane as the reactor 
diluent. Catalyst system was c:hit:r:qed. to the reactor 
followed by addition of cyclohe~ane. The reactor 

35 temperature was brouqht to 8o·c. at which point 
ethylene was introduced. The pressure was maintained 
at 550 psiq with ethylene fed on demand.. Each reaction 
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was run for 30 minutes before shutting off ethylene. 
Salllples were taken at the end of the run a~d analyzed 
by qas chromatoqraphy, as described in other examples. 

The results of the Runs and analyses are 
given in Table xxx. 

'' 

I 
i. 

-. 
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Table XIX 

a Liquid Product 
Holar ~ctivity, Total Distribution, Weight 

ag Cr Ratio g Uquid/g Prod. Wt. % Wt. % Percent 
Run Additive Chara:ed Cr/PY /TIA/ Add _ Cr/hour ~ Liguid ~- Q-.:: !:Q,:: £s:: .£a=. Qu=. 

8001 None 13.7 1/3/15/0 ;100 33.7 95 5 30 43 6 5 13 

8002 DEAC 14.2 1/3/15/3 16800 121.2 99 1 <1 86 3 1 8 

8003 DEAB 6.6 1/3/15/3 1800 61.5 98 2 <l 93 2 <1 4 

8004 DEAl-I 13.7 1/3/15/3 630 5.0 86 14 4 72 8 2 12 

8005 n-BuCl 6.8 1/3/15/3 6300 21.9 98 2 18 52 7 3 16 

8006 n-BuBr 6.9 1/3/lS/"J. •. 5 27500 95.0 >99 <1 <l 91 2 <l 5 

8007 n-BuBr 9.9 1/3/15/2.S 25300 126.8 >99 <l <l 92 2 <1 s 
8008 n-Bul 6.1 1/3/15/3 2000 ·1.2 85 15 4 71 7 2 14 O'\ 

w 
8009 He 1SiCl 14.6 1/3/15/3 3600 26.9 97 3 16 57 6 4 14 

8010 Me 1 SiBr 6.6 1/3/15/3 1400Q 46.6 ·>99 <l <l 86 4 <l 8 

8011 GeCl., 6.6 1/3/15/2 55000 181.7 >99 <l <1 96 <1 <1 3 

8012 Geel., 2.7 1/3/15/2 66400 87.7 >99 <1 <l 98 <l <l,.""<1 

8013 SnCl., 6.9 1/3/15/2. 40600 140.4 >99 <1 <1 96 <l ,, <l 2 

8014 DEAC 10.8 1/3/15/2.5 6900 38.5 96 4 <1 87 4 2 s 
8015 DEAB 10.8 1/3/15/2.5 2600 14.3 97 ·3 <1 89 3 2 4 

8016 DEAL-I 10.8. 1/3/15/2.5 70 0.4 44 56 19 60 6 3 4 

8017 Geel., 10.8 1/3/15/2.S 3300 19.0 94 6 <l 95 2 1 2 

a) . 
Baaed on gra•• liquid product only. 



.. 

.,~ ....... 

- 64 -

The data in Table XXX show that the 
selectivity towards l-hexene increases in the order 
I<Cl<Br. The bromine-containinq additives consistently 
have the highest selectivity for the formation of 1-

5 hexene compared to the correspond!nq chloride or iodide ... 
additive. The increased production of 1-hexene also 
means that less byproducts (C4=, C8='":. and C10-) are beinq 
formed. The ratio of l~hexene to internal hexenes also 
tends to increase in the order I<Cl<Br. Thus, the use 

10 of halides leads not only to more product, but a 
cleaner trimer product as well. The activity of the 
catalyst system increases in the order I<<Cl,Br. 
However, the activity between Br and Cl analoques 
appear to be unpredictable. For some additives (SnX4, 

15 and AlX,SiX) the Br is more active. 

20 

The data in·Table XXX also show that the 
trend in selectivity to 1-hexene and activity can.be 
extended to catalysts containinq other pyrroles, as 

shown in Runs 8014-8017. 
overall, the best combination of activity and 

selectivity is obtained usinq GeC14 or sncl4 as the 
halide additives. However, it has been shown that the 
selectivity towards 1-hexene is also affected by the 
ratio of halide additive to triethylalwainum, making it 

25 possible to obtain high selectivity from other halide 
additives. 

Example IX 
In the followinq Example, Runs 9001-9004 

demonstrate that excess unsatur~ted aromatic 
30 hydrocarbon can be detrimental to trimerization and/or 

oliqomerization. Thus, when a catalyst system is 
prepared in the presence of an aromatic hydrocarbon, 
such as, for example, toluene,· removal of excess 
aromatic hydrocarbon is p~eferred. The resultinq 

35 liquid is then extracted or dissolved into a desired 
solvent, such as, for example cyclohexane or heptane. 
While not wishinq to be bound by theory, it is believed 
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that an aro~itic hydrocarbon can compete with a monomer 
to be trimerized and/or oliqomerized, such as, for 
example, ethylene, for an active site of the catalyst 
system. Thus, it is believed that this competition can 

5 inllibit catalyst system activity. 
- ~ 

The catalyst system usea in Runs 9001-9004 
was prepared usinq 1.35 g of chromium.(III) 2-

ethylhexanoate dissolved in toluene.· Next, 0.86 mL 

(3.2 molar equivalents) of 2,5-dimethylpyrrole was 
10 added to the solution. Then 0.90 mL (3.2 molar 

equivalents) of n-butylbromide was added, followed by 
7.60 mL (21 molar equivalents) of 93% triethylaluminum. 
The mixture was stirred for 5-10 minutes and toluene 
was removed under vacuum. The liquid residue was 

15 dissolved into 30 mL of cyclohexane, filtered, and then 
diluted to a total volume of 50 mL with additional 
cyelohexane. Four (4) mL of this solution was charged 
along with the desired amount of anhydrous, deqassed 
toluene (O, 5, 10 or 15 mL) to the reactor-. 

20 The trimerization reaction runs were carried 
out in a 2-liter autoclave polymerization reactor 
containing 1.2 liters of sst cyclohexane as the reactor 
diluent. Catalyst system was charqed to the reactor 
followed by addition of cyclohexane. The reactor 

25 temperature was brought to so•c. at which point 
ethylene was introduced. The pressure was maintained 
at 550 psiq with ethylene fed on demand. Each reaction 
was run for 30 minutes before shutting off ethylene. 
The total amount of ethylene consumed, i.e., fed, was 

30 measured. 
The results of Runs 9001-9004 are given in 

Table XXXI. 
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Table xxxI 
Effect of Aromatic ~vdrocarbons 

on Catalyst System Activity 

Ethylene 
Toluene Consumed 

Toluene Added, ~ After 30 mins<b>, 
Added 1 ml Volume i<•> 

,~ 

0 o.oo 184 
5 0.42 160 

10 0.83 127 
15 1.25 109 

•> Based on total value of reactor diluent. 
b> Not adjuste~. for solubility of ethylene in 

15 cyclohexane. 
The data in Table XXXI show that the presence 

- of an aromatic hydrocarbon, i.e.i toluene, can result 
ii:i a siqnific~nt decrease in the.activity of the 
catalyst system, as measured by ethylene consumption. 

20 This decrease ls proportional to· the amount of ~romatic 
hydrocarbon added to the reactor. 
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1. A process to prepare a catalyst system comprising 
combining a metal source, a pyrrole-c6ntaining compound and 
a metal alkyl in a mutual solvent without a preliminary 
reaction step between the metal source and the pyrrole­
containing compound in the presence of an electron donor 
solvent. 
2. A process according to claim 1, in which an 
unsaturated hydrocarbon is also combined, said unsaturated 
hydrocarbon optionally providinq the mutual solvent, said 
unsaturated hydrocarbon preferably being an aromatic or 
aliphatic hydrocarbon havinq less than about 70 carbon 
atoms per molecule. 
3• A process accordinq to claim 2, wherein said 
unsaturated hydrocarbon is an aromatic hydrocarbon having 
less than about 20 carbon atoms per molecule, for example, 
toluene, benzene, xylene, mesitylene, or hexamethylbenzene. 
4. A process accordinq to claim 2 or 3, which 
includes stripping excess unsaturated aromatic hydrocarbon. 
from the resulting catalyst system. 
s. A process according to claim 2, wherein said 
unsaturated hydrocarbon is ethylene. 
6. A process accordinq to a:ny one of the precedinq 
claims, wherein said metal source is a chromium, nickel, 
cobalt, iron, molybdenum, or copper compound, preferably a 
chromium compound. 
7. A process accordinq to any one of the pr~ceding 
claims, wherein said pyrrole-containinq compound is pyrrole 
or 2,5-dimethylpyrrolide. 
8. A process according to any one of the preceding 
claims, wherein the metal of the metal alkyl is aluminum, 
lithium, magnesium, or zinc. 
9. A process according to claim 8, wherein said 
metal alkyl is an aluminum. alkyl, p~rticularly a trialkyl 
aluminum compound, such as triethyl aluminum. 
10. A process according to any one of the precedinq 
claims, in which a support is incorporated into the 
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.. catalyst system, said support preferably beinq an inorqanic 
oxide, such as silica, silica-alumina, alumina, fluori9ed 
alumina, silated alumina, theoria, aluminophosphate, 
aluminum phosphate, phosphated silica, phosphated alumina, 
silica-titania, coprecipitated silica/titania, 
fluorided/silated alumina, or a mixture thereof. 
11. A process accordinq to any one of the precedinq 
claims, which includes addinq a hal~de source, particularly 
a chloride or bromide or a mixture th&reof. 
12. A process accordinq to claim· 11, wherein said 
halide is provided by a compound havinq a formula of R.Xn, 
wherein R is an orqanic or inorqanic radical, X is a 
halide, and the sum of m plus n is any number qreater 
than o. 
13. A process accordinq to claim 12, wherein R is· 
aluminum, silica, qermanium, hydrqqen, boron, lithium, tin, 
gallium, indium, lead, or a mixture thereof, preferably 
tin, germanium, or a mixture thereof. 

•_; 14. A process accordinq to any one of the precedinq 
claims, in which the resulting catalyst system has a 

.· -.. 
" 

. . 

~ . . ' 

relative ratio of: 
(a) about 1 mole of the metal of the metal 

source; 

(b) about 1 to about 15 moles of the pyrrole­
containinq compound; 

(c) about 5 to about 40 moles of the metal 
alkyl; and, if present, 

(d) about 1 to about 30 moles of the halide. 
15. A process accordinq to any one of the precedinq 
claims, which is carried out in the absence of oxyqen and 
water. 
16. A process accordinq to any one of the precedinq 
claims, wherein the metal source and the pyrrole-containinq 
compound are combined prior to the addition of the metal 
alkyl. 
17. A process to prepare a catalyst system comprisinq 
reactinq a mixture of: 

(a) ·a metal salt, preferably a chromium salt; 
(b) pyrrole or a substituted pyrrole: and 
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(c) an electron pair donor solvent; and, if 
desired, reacting the resultinq reaction product with an 
unsaturated hydrocarbon. 
18. A process to prepare a catalyst system comprising 
reactinq a mixture of: 

(a) a salt of a metal other than chromium 
(preferably nickel, cobalt, iron, molybdenum, or copper); 

t;. 

(b) a metal amide; and 

(c) an electron pair donor'kolvent; and, if 
desired, reacting the resultinq reaction product with an 
unsaturated hydrocarbon. 
19. A process to prepare a catalyst system comprising 
reacting a mixture of: 

(a) a metal salt; 
(b) a metal amide; and 
{c) an electron pair donor solvent; and reacting 

the resulting reaction product with an unsaturated 
aliphatic hydrocarbon, preferably ethylene. 
20. A process according to any one of the-preceding 
claims, which comprises admixinq the catalyst system 

prepared as a cocatalyst system with a polymerization 
catalyst system, said polymerization catalyst system 
preferably comprising a chromium-, titanium-, zirconium­
and/or vanadium-containing catalyst. 
21. A process to trimerize, oligomerize or polymerize 

an olefin compound which comprises carryinq out said 
trimerization, oligomerization or polymerization i~ the 
presence of a catalyst system or catalyst/cocatalyst system 
prepared by a process according to any one of the precedinq 
claims. 
22. A process according to claim 21, wherein said 
olefin compound has from about 2 to about JO carbon atoms 

·per molecule and at least 1 olefinic double bond, said 
olefin compound is ethylene, 1-butene, 1-hexene, 1,3-
butadiene, or a mixture thereof. 
23. A process according to claim 21 or 22, in which 

an unsaturated hydrocarbon is combined to prepare the 

catalyst system but is first introduced during the 

trimerization, oligomerization or polymerization process. 
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24. A process accordinq to claim 23, in which the 
unsaturated ~ydrocarbon used to prepare the catalyst system 
is an unsaturated aliphatic hydrocarbon also actinq as the 
olefin compound which is trimerized, o.liqomerized or 
polymerized. 


